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            Abstract
          
        

        
          Black Carbon (BC) is a major pollutant that poses immediate health as well as long-term climatic threat to human civilization. Globally, India and China are considered to be among the significant contributors of carbonaceous aerosol. Therefore, in the recent past, several studies on BC measurements have been conducted and reported in both these countries. Optical absorbance measurement techniques which give BC mass by measuring light absorbance of aerosol have been used widely. Keeping these facts in mind, here an attempt has been made to realise the current state of Equivalent Black Carbon (EBC) measurement done in both countries. Eighty EBC measurement studies published in last 15 years (2005-2020) are analysed on the basis of technique, instrumentation and various important parameters involved in measurements. It is found that EBC measurements in India and China contain large uncertainties, and available data are metrologically insufficient to realise spatial distribution and long-term temporal variation precisely. Furthermore, MERRA-2 Surface Black Carbon (SBC) levels and EBC measurements are compared and evaluated for biases between spatial and temporal variation of modelled data and ground measurements. It is observed that standardization of measurement technique and parameters involved in measurement is the need of the hour. Lack of a reference method creates inconsistency and discrepancy among the measurements. Recommendations for selection of parameter/instrument and cautious measures are provided as conclusion based on this review to improve overall metrology of BC.
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      1. INTRODUCTION
      Black Carbon (BC) is considered to be the second most important anthropogenic pollutant in terms of its climate forcing, amounting to a total climate forcing of +1.1 W m-2 (Bond et al., 2013). Moreover, BC contributes to a significant portion of fine inhalable particulate matter (PM2.5). A recent WHO report (Janssen et al., 2012) found short-term as well as long-term health effect estimates of BC to be slightly higher than PM10 or PM2.5. It has also been established that BC may be a better choice as indicator of harmful particulate substances from combustion sources (especially traffic) than undifferentiated PM mass ( Janssen et al., 2012, 2011). Therefore, it suggests that continuous BC measurement is necessary to better understand its health and climate effects, and also for regulatory purposes.

      Present inventories contain large uncertainties in emission estimates of BC as emission factors associated with sources that are more prevalent in the developing world needs to be improved (Raga et al., 2018). Present models used to estimate BC emission are also needed to be further validated against the long-term measurement data. Raga et al. (2018) highlighted the differences in emission estimates by various models (SPEW, GAINS and RETRO). Although, BC data obtained from satellite observations correlate very well with ground-based measurements but concentration levels reported by satellite data are significantly different from ground data (Xu et al., 2020a; Qin et al., 2019; current study). Therefore, ground observations remain the primary source of analysing climatic and health effects of BC due to better quality of data as compared to that of satellite and modelled data. However, due to limited temporal and spatial BC data, and good correlation between satellite data and ground observations, satellite data have been used to define the spatial distribution of carbonaceous aerosol over India and China (Xu et al., 2020a; Rana et al., 2019).

      A recent report published by Global Carbon Project has found that China and India are the primary contributors of carbonaceous aerosol (Friedlingstein et al., 2019). Various emission inventories (Klimont et al., 2017; Paliwal et al., 2016; Wang et al., 2012; Bond et al., 2007) have also found both countries to be the largest contributors to global BC aerosols. Hence it is well established that China and India are considered to be largest emitters of BC. Therefore, accurate measurement and assessment of BC is of great significance in both countries. The effect of BC on climate is mainly assessed by analysing optical properties of BC (Bond et al., 2013) and most of the continuous real time measurement instrument also gives BC mass by measuring optical properties. In India and China also, most of the long-term continuous BC measurements are done by measuring optical absorbance of aerosol using different filter-based instruments (see references in Table 1).

      
        Table 1. 
				
        

        
          Summary of filter-based instruments.
        
        

      

      
        
          
            	Name of
instrument
            	Important parameters
            	Special feature
(Advantage)
            	Uncertainty/Accuracy (%)
            	References for
detailed working
          

          
            	Wavelength
(nm)
            	Recommended
MAC value
(m2 g-1)
            	Lower
detection limit
(ng m-3)
          

        
        
          	MAAP
(Multi Angle
Absorption Photometer)
          	670
          	6.6
          	<50
          	Optical scattering is also
measured along with
absorption
          	12 (βabs),
(Petzold and Schonlinner, 2004)
25 (MBC),
(Petzold and Schonlinner, 2004)
          	Petzold and Schonlinner, 2004;
Petzold et al., 2002
        

        
          	COSMOS
(Continuous Soot
Monitoring System)
          	565
          	10
          	40
          	Heated inlet provides
stabilized MAC value
          	12 (βabs),
(Miyazaki et al., 2008)
15 (MBC),
(Ohata et al., 2021)
          	Kondo et al., 2011, 2009;
Miyazaki et al., 2008;
Ohata et al., 2019
        

        
          	Aethalometer
(AE-31)
          	370, 470, 520,
590, 660, 880,
950
          	39.5, 31.1, 28.1,
24.8, 22.2, 16.6,
15.4
          	100
          	7-Wavelength operation
and dual spot
measurement
          	5-40 (MBC),
(Corrigen et al., 2006)
36 (βabs),
(Backman et al., 2017;
Sharma et al., 2017a)
          	Hansen and Schnell, 2005;
Sedlacek, 2016
        

        
          	MSCP
(Multi-Spectrum
Carbon Monitor)
          	370, 430, 470,
525, 565, 590,
660, 700, 880,
950
          	NM
          	8
          	10-Waveength operation
and very low detection
limit
          	NM
          	
            
              Xue et al., 2018
            
          
        

        
          	PSAP
(Particle Soot
Absorption Photometer)
          	467, 530, 660
          	NM
          	100
          	3-Wavelength operation
makes it compatible with
nephelometer
          	Up to 50 (MBC),
(Springston, 2018)
          	Springston, 2018;
Virkkula et al., 2010, 2005
        

      

      

      Following the recommendation proposed in previous studies (Lack et al., 2014; Petzold et al., 2013) specific term EBC is used in this review to denote BC mass derived by measuring optical absorbance of aerosol. The general term BC is used here to denote all type of carbonaceous aerosol (except brown and organic carbon) irrespective of technique used for measurement. Despite high relevance of ground measurements of EBC, at present there is no overall agreed reference method of EBC measurement (Petzold et al., 2013). As a result, measurements reported may have suffered from personal biases and involved high uncertainties. A considerable number of studies on ground measurements of EBC have been published across India and China in the past decades. Realising the significance of real-time ground EBC measurements in both countries, eighty of these EBC studies (see references in Tables 2 and 3) published in the last 15 years (2005-2020) are analysed/examined to determine the various factors and parameters that impact the measurement.

      
        Table 2. 
				
        

        
          Summary of studies reported from China.
        
        

      

      
        
          
            	S. No
            	Measurement site
            	Measurement period
            	Concentration mean (μg m-3)
            	Instrument used
            	Wavelength (nm)
            	MAC (m2 g-1)
            	Source
            	Correction method
            	Reference
          

        
        
          	1
          	Beijing (U)
          	2003
          	8.80 (Summer)
11.4 (Winter)
          	AE-16
          	880
          	16.6
          	TSP
PM2.5
PM10
          	NM
          	
            
              LOU et al., 2007
            
          
        

        
          	2
          	Beijing (U)
          	Every late autumn 1996-2004
          	20 (1996-2000)
16 (2000-2004)
          	Integrating plate
          	NM
          	NM
          	NM
          	NM
          	
            
              Gengchen et al., 2005
            
          
        

        
          	3
          	Beijing (U) (5sites)
          	Sep 2005-Aug 2007
          	4.21-7.86 (Day)
3.39±10.2 (Night)
          	SPECORD50
          	650
          	NM
          	PM2.5
          	Filter immersion
          	
            
              Schleicher et al., 2013
            
          
        

        
          	4
          	Beijing (U) (2sites)
          	2-14 Aug 2009 and 1-11 Dec 2009
          	8.1-12.3 (Aug)
and
16.1-17.9 (Dec)
          	AE-51
          	880
          	NM
          	TSP
          	
            
              Virkkula 2007
            
          
          	
            
              Song et al., 2013
            
          
        

        
          	5
          	Beijing (U)
          	2005-2013
          	4.34
          	SPECORD50 and SPECORD50+
          	650
          	NM
          	PM2.5
          	Filter immersion
          	
            
              Chen et al., 2016
            
          
        

        
          	6
          	Beijing (U)
          	2010-2014
          	3.67
          	AE-31
          	880
          	16.6
          	PM2.5
          	NM
          	
            
              Liu et al., 2016
            
          
        

        
          	7
          	Beijing (U)
          	2014
          	4.4±3.7
          	AE-31
          	NM
          	NM
          	PM2.5
          	
            
              Virkkula 2007
            
          
          	
            
              Ji et al., 2017
            
          
        

        
          	8
          	Beijing (U)
          	Nov 2014-Jan 2015
          	2.72±2.63 (Nov 3-12)
3.83±4.08 (Nov 12-Jan 28)
          	AE-31
          	880
          	16.6
          	PM2.5
          	NU
          	
            
              Wang et al., 2017c
            
          
        

        
          	9
          	Beijing (U)
          	Dec 2015-Feb 2016
          	5.31±6.26
          	AE-33
          	880
          	7.77
          	NM
          	
            
              Drinovec 2015
            
          
          	
            
              Liu et al., 2018
            
          
        

        
          	10
          	Beijing (U)
          	Nov 2014
Nov 2015
Nov 2016
          	2.97±2.77
6.76±4.56
4.77±3.71
          	AE-33
          	880
          	7.77
          	NM
          	
            
              Drinovec 2015
            
          
          	
            
              Qin et al., 2019
            
          
        

        
          	11
          	Beijing (SU) (2 sites)
          	2016
          	3.4-5.1
          	AE-31
          	NM
          	16.6
          	PM2.5
          	
            
              Schmid 2006
            
            
              Drinovec 2015
            
          
          	
            
              Xia et al., 2020
            
          
        

        
          	12
          	Beijing (U) IAP
          	2015-2017
          	3.5
          	AE-31
          	NM
          	16.6
          	PM2.5
          	Schmid 2006
Drinovec 2015
          	
            
              Xia et al., 2020
            
          
        

        
          	13
          	Beijing (U)
          	Jan-Mar 2017
          	4.6 (Near-UV)
3.1 (Visible)
2.6 (Near-IR)
          	Multi-spectrum carbon monitor
          	370 (near-UV)
420-700 (Visible)
880, 950 (near-IR)
          	NM
          	PM2.5
          	Inter-Comparison
          	
            
              Xue et al., 2018
            
          
        

        
          	14
          	Baoji (U)
          	2015
          	2.9 ±1.7
          	AE-31
          	NM
          	NM
          	PM2.5
          	
            
              Virkkula 2007
            
          
          	
            
              Zhou et al., 2018
            
          
        

        
          	15
          	Guangzhou (U)
          	Dec 2007-Dec 2008
          	4.7
          	AE-31
          	880
          	16.6
          	PM2.5
          	NM
          	
            
              Chen et al., 2014
            
          
        

        
          	16
          	Hangzhou (U)
          	Jan-Mar 2020
          	1.29-2.3
          	AE-31
          	NM
          	NM
          	NM
          	
            
              Weingartner 2003
            
          
          	
            
              Xu et al., 2020a
            
          
        

        
          	17
          	Hefei (U)
          	Jun 2012-May 2013
          	3.5±2.5
          	AE-31
          	880
          	NM
          	NM
          	NM
          	
            
              Zhang et al., 2015
            
          
        

        
          	18
          	Jiaxing
          	26 Sep-30 Nov
          	5.1
          	AE-31
          	NM
          	NM
          	NM
          	NM
          	
            
              Shen et al., 2015
            
          
        

        
          	19
          	Lanzhou (U)
          	Jul-Aug 2012
          	2.94
          	MAAP
          	670
          	NM
          	PM2.5
          	NM
          	
            
              Xu et al., 2014
            
          
        

        
          	20
          	Nanjing (U)
          	2012
          	4.1575±2.6
          	AE-31
          	880
          	NM
          	TSP
          	
            
              Virkkula 2007
            
          
          	
            
              Zhuang et al., 2014
            
          
        

        
          	21
          	Nanjing (U)
          	Dec 2017-Nov 2018
          	2.78±1.96
          	MAAP
          	670
          	NM
          	TSP
          	NM
          	
            
              Zhang et al., 2020a
            
          
        

        
          	22
          	Nanjing (U)
          	2015-2016
          	2.2±1.3
          	AE-33
          	880
          	16.6
          	PM2.5
          	
            
              Drinovec 2015
            
          
          	
            
              Xiao et al., 2020
            
          
        

        
          	23
          	Panyu, Guangzhou (U)
          	2004-2007
          	3.1-14.8
          	AE-31
          	880
          	8.28
          	PM10
          	NM
          	
            
              Wu et al., 2009
            
          
        

        
          	24
          	Xian (U)
          	Sep 2003-Aug 2005
          	14.7±9.5
          	AE-16
          	880
          	16.6
          	PM2.5
          	NM
          	
            
              Cao et al., 2009
            
          
        

        
          	25
          	Xian (U)
          	2003-2006
          	12.7±8.3
          	AE-16
          	880
          	NM
          	NM
          	NM
          	
            
              Zhao et al., 2015
            
          
        

        
          	26
          	Xuzhou(U)
          	May 2014-Jul 2016
          	2.24
          	AE-42
          	880
          	NM
          	NM
          	
            
              Virkkula 2007
            
          
          	
            
              Chen et al., 2020
            
          
        

        
          	27
          	Shanghai (CU) (Century Park)
          	Apr 2007-Mar 2010
          	3.83
          	AE-31
          	880
          	16.6
          	TSP
          	NU
          	
            
              Wang et al., 2014
            
          
        

        
          	28
          	Shanghai (CU) (Xujiahui)
          	Jan 2010-Dec 2011
          	3.8±2.3 (2010)
3.3±2.1 (2011)
          	AE-21
          	880
          	NM
          	PM2.5
          	
            
              Park 2010
            
          
          	
            
              Feng et al., 2014
            
          
        

        
          	29
          	Shanghai (CU) (Fudan University)
          	Jan 2011-Jan 2012
          	2.33
          	AE-31
          	880
          	NM
          	NM
          	Intercomparison
          	
            
              Zha et al., 2014
            
          
        

        
          	30
          	Nanjing (SU)
          	Nov 2008-Apr 2010
          	1.114-19.408
          	AE-21
          	880
          	NM
          	PM2.5
          	NM
          	
            
              Tang et al., 2011
            
          
        

        
          	31
          	Taicang (SU) Shanghai
          	27 Jun-31 Jul
          	5.47±4.00
          	AE-21
          	880
          	16.6
          	PM2.5
          	NM
          	
            
              Zhou et al., 2009
            
          
        

        
          	32
          	Tongyu (SU)
          	Mar-Dec 2008
          	2.52
          	AE-31
          	880
          	NM
          	NM
          	Inter-Comparison
          	
            
              Cheng et al., 2010
            
          
        

        
          	33
          	Xianghe (SU)
          	Dec 2017-Jan 2018
          	3.6±4.0
          	AE-33
          	880
          	NM
          	PM2.5
          	Inter-Comparison
          	
            
              Wang et al., 2020
            
          
        

        
          	34
          	Xianghe (SU)
          	2013-2015
          	5.39±4.44 (2013)
4.93±4.28 (2014)
          	AE-31
          	880
          	16.6
          	PM10
          	
            
              Virkkula 2007
            
            
              Schmid 2006
            
          
          	
            
              Ran et al., 2016
            
          
        

        
          	35
          	Chang Ping Beijing (R)
          	27 Jun-31 Jul
          	2.37±1.79
          	AE-21
          	880
          	16.6
          	PM2.5
          	NM
          	
            
              Zhou et al., 2009
            
          
        

        
          	36
          	Miyun Beijing (R)
          	Apr 2003-Jan 2005
          	2.12 ±1.62
          	AE-31
          	880
          	8.28
          	TSP
          	Inter-Comparison
          	
            
              Yan et al., 2008
            
          
        

        
          	37
          	Miyun Beijing (R)
          	23-27Aug 2009
and
1-11 Dec 2009
          	1.9 (Aug)
7.7 (Dec)
          	AE-51
          	880
          	NM
          	TSP
          	
            
              Virkkula 2007
            
          
          	
            
              Song et al., 2013
            
          
        

        
          	38
          	Miyun Beijing(R)
          	Apr-Oct 2010
          	2.26±2.33
          	COSMOS
          	565
          	NM
          	PM1
          	NM
          	
            
              Wang et al., 2011
            
          
        

        
          	39
          	Nancun (R) Guangzhou
          	May-Jun 2008
Dec 2008-Jan 2009
          	2.33-15.97
          	AE-16
          	880
          	16.6
          	PM10
          	Inter-Comparison
          	
            
              Wu et al., 2013
            
          
        

        
          	40
          	Hok Tsui (Re)
          	Jun 2004-May 2005
          	2.4±1.8
          	AE-42
          	880
          	16.6
          	PM2.5
          	NU
          	
            
              Cheng et al., 2006
            
          
        

        
          	41
          	Maofengshan (R) Guangzhou
          	May-Jun 2008
Dec 2008-Jan 2009
          	2.62
2.88
          	AE-31
          	880
          	16.6
          	PM10
          	Inter-Comparison
          	
            
              Wu et al., 2013
            
          
        

        
          	42
          	Northwestern Qilian Shan (Re)
          	May 2009-May 2011
          	0.048
          	AE-31
          	880
          	16.6
          	TSP
          	NU
          	
            
              Zhao et al., 2012
            
          
        

        
          	43
          	Tibet (Re) (NamCo region)
          	2010-2014
          	0.074±0.050
          	AE-31
          	880
          	16.6
          	TSP
          	NU
          	
            
              Zhang et al., 2017
            
          
        

        
          	44
          	The Qomolangma Station, Mt. Everest
          	May 2015-May 2017
          	0.30±0.34
          	AE-33
          	880
          	NM
          	NM
          	
            
              Drinovec 2015
            
          
          	
            
              Chen et al., 2018
            
          
        

        
          	45
          	Yongxing Island, China
          	May-Jun 2008
Dec 2008-Jan 2009
          	0.54
0.67
          	AE-31
          	880
          	16.6
          	PM2.5
PM10
          	Inter-Comparison
          	
            
              Wu et al., 2013
            
          
        

      

      

      
        Table 3. 
				
        

        
          Summary of studies reported from India.
        
        

      

      
        
          
            	S. No
            	Measurement site
            	Measurement period
            	Concentration mean (μg m-3)
            	Instrument used
            	Wavelength (nm)
            	MAC (m2 g-1)
            	Source
            	Correction method
            	Reference
          

        
        
          	1
          	Agra (U)
          	May 2014-Apr 2015
          	9.5
          	AE-33
          	880
          	NM
          	TSP
          	
            
              Drinovec 2015
            
          
          	
            
              Gupta et al., 2017
            
          
        

        
          	2
          	Ahmedabad, Gujarat (U)
          	2008
          	2.1±0.8-11.6±2.9
          	AE-31
          	880
          	16.6
          	TSP
          	
            
              Bodhaine 1995
            
            
              Bond and Bergstrom 2006
            
          
          	
            
              Ramachandrn and Kedia, 2010
            
          
        

        
          	3
          	Bhubaneshwar (U) Odisha
          	Jul 2007-Jun 2008
          	3.6±0.1
          	AE-21
          	NM
          	NM
          	TSP
          	NM
          	
            
              Das et al., 2009
            
          
        

        
          	4
          	Bengaluru Karnataka (U)
          	2003-2008
          	1.4±0.9-4.2±1.6
          	AE-20
          	880
          	NM
          	PM10
          	NM
          	
            
              Satheesh et al., 2011
            
          
        

        
          	5
          	Delhi (U)
          	Dec 2004
          	29±14
          	AE-42
          	NM
          	NM
          	TSP
          	
            
              Weingartner 2003
            
          
          	
            
              Ganguly et al., 2006
            
          
        

        
          	6
          	Delhi (U)
          	2006
          	14.8
          	AE-42
          	880
          	NM
          	NM
          	NM
          	
            
              Bano et al., 2011
            
          
        

        
          	7
          	Delhi (U)
          	2007
          	14.0±12.0
          	AE-42
          	880
          	16.6
          	TSP
          	NM
          	
            
              Tiwari et al., 2009
            
          
        

        
          	8
          	Delhi (U)
          	2007-2008
          	3.8-28.3
          	AE-21
          	880
          	16.6
          	NM
          	Virikulla 2007, 2015
          	
            
              Srivastava et al., 2018
            
          
        

        
          	9
          	Delhi (U)
          	Feb-May 2010
          	14±6.3
          	AE-51
          	880
          	NM
          	NM
          	
            
              Kirchstettr and Novakov 2007
            
          
          	
            
              Apte et al., 2011
            
          
        

        
          	10
          	Delhi (U)
          	Aug 2010-Jul 2011
          	2.44 ±0.58
to
15.935±2.06
          	AE-31
          	NM
          	NM
          	NM
          	
            
              Weingartner 2003
            
          
          	
            
              Surendran et al., 2013
            
          
        

        
          	11
          	Delhi (U)
          	2011
          	6.7±5
          	AE-31
          	880
          	16.6
          	PM2.5
          	
            
              Weingartner 2003
            
          
          	
            
              Tiwari et al., 2013
            
          
        

        
          	12
          	Delhi (U)
          	Jan 2011-May 2012
          	7.0±5
          	AE-31
          	880
          	16.6
          	PM2.5
          	
            
              Weingartner 2003
            
          
          	
            
              Srivastava et al., 2014
            
          
        

        
          	13
          	Delhi (U)
          	Sep 2010-Aug 2012
          	7.0±5
          	AE-31
          	880
          	16.6
          	NM
          	
            
              Weingartner 2003
            
          
          	
            
              Tiwari et al., 2014
            
          
        

        
          	14
          	Delhi (U)
          	Jan-Dec 2012
          	7.9±5.1
          	AE-31
          	880
          	16.6
          	NM
          	NM
          	
            
              Bisht et al., 2015
            
          
        

        
          	15
          	Delhi (U)
          	Dec 2013-Feb 2014
          	8.0±3.1
          	AE-31
          	880
          	16.6
          	PM2.5
          	NU
          	
            
              Tyagi et al., 2017
            
          
        

        
          	16
          	Delhi (U) LBN
          	Winter 2014-2015
Summer 2015
          	19.3±8.22
3.99±2.66
          	AE-51
          	NM
          	NM
          	NM
          	NM
          	
            
              Pant et al., 2017
            
          
        

        
          	17
          	Delhi (U) IIT
          	Summer 2015
          	3.89±3.34
          	AE-51
          	NM
          	NM
          	NM
          	NM
          	
            
              Pant et al., 2017
            
          
        

        
          	18
          	Delhi (U)
          	Dec 2015-Feb 2016
          	24.4±12.2
          	AE-33
          	880
          	NM
          	NM
          	
            
              Drinovec 2015
            
          
          	
            
              Dumka et al., 2018
            
          
        

        
          	19
          	Delhi (U)
          	Sep-Dec 2015
Apr-Sep 2016
          	15.12
6.13
          	AE-42
          	880
          	16.6
          	NM
          	
            
              Virikulla 2007
            
          
          	
            
              Sharma et al., 2018
            
          
        

        
          	20
          	Delhi (U)
          	Dec 2015-Feb 2016
          	30.3±12 (370 nm)
24.1±5 (880 nm)
          	AE-33
          	370, 880
          	NM
          	PM2.5
          	
            
              Drinovec 2015
            
          
          	
            
              Bisht et al., 2016
            
          
        

        
          	21
          	Delhi (U)
          	2016-2017
          	11.26 (2016)
14.20 (2017)
          	AE-33
          	880
          	NM
          	NM
          	NM
          	
            
              Tyagi et al., 2020
            
          
        

        
          	22
          	Delhi (U)
          	2016-2018
          	13.57±8.4
          	AE-33
          	880
          	7.77
          	PM2.5
          	
            
              Drinovec 2015
            
          
          	
            
              Kumar et al., 2020
            
          
        

        
          	23
          	Guwahati (U)
          	Jul 2013-Jun 2014
          	7.17±1.89
          	AE-31
          	880
          	16.6
          	NM
          	
            
              Weingartner 2003
            
            
              Virkkula 2007
            
          
          	
            
              Tiwari et al., 2016a
            
          
        

        
          	24
          	Hyderabad (U)
          	2010-2014
          	9.7±1.9
          	AE-31
          	880
          	NM
          	NM
          	NM
          	
            
              Jose et al., 2016
            
          
        

        
          	25
          	Kolkata (U)
          	Jun 2012-May 2013
          	5-27
          	AE-31
          	880
          	16.6
          	TSP
          	
            
              Bodhaine 1995
            
            
              Arnott 2005
            
          
          	
            
              Taludkar et al., 2015
            
          
        

        
          	26
          	Srinagar (U)
          	2013
          	6.0±4.8
          	AE-31
          	880
          	16.6
          	TSP
          	
            
              Weingartner 2003
            
          
          	
            
              Bhat et al., 2017
            
          
        

        
          	27
          	Chennai (CU)
          	Mar 2011-Aug 2012
          	5.39-11.19
          	AE-31
          	880
          	16.6
          	TSP
          	
            
              Weingartner 2003
            
            
              Arnott 2005
            
          
          	
            
              Aruna et al., 2013
            
          
        

        
          	28
          	Mumbai (CU)
          	Jan 2009-Dec 2010
          	4.0
          	SSR
          	NM
          	9.7
          	PM2.5
          	NM
          	
            
              Sandeep et al., 2013
            
          
        

        
          	29
          	Visakhapatnam (CU)
          	Dec 2005-Sep 2006
          	3.98
          	AE-47
          	880
          	NM
          	NM
          	NM
          	
            
              Sreekant et al., 2007
            
          
        

        
          	30
          	Ahmednagar, Maharashtra (SU)
          	Dec 2015-Dec 2016
          	13.8±10.4
          	AE-33
          	880
          	7.77
          	PM2.5
          	
            
              Drinovec 2015
            
          
          	
            
              Kolhe et al., 2018
            
          
        

        
          	31
          	Gwal Pahari (SU) Gurgaon
          	Dec 2007-Jan 2010
          	12.3
          	MAAP
          	670
          	NM
          	PM10
          	NM
          	
            
              Hyvarinen et al., 2010
            
          
        

        
          	32
          	Patiala, Punjab (SU)
          	Oct 2008-Sep 2010
          	6.5±3.2
          	AE-21
          	880
          	NM
          	NM
          	NM
          	
            
              Sharma et al., 2017b
            
          
        

        
          	33
          	Anantapur, Andhra Pradesh (R)
          	2010
          	3.0±0.3
          	AE-21
          	880
          	16.6
          	PM2.5
          	NM
          	
            
              Reddy et al., 2012
            
          
        

        
          	34
          	Ballia, Uttar Pradesh (R)
          	Jun-Aug 2014
          	4.3±0.85
          	AE-51
          	880
          	NM
          	PM1
          	NM
          	
            
              Tiwari et al., 2016b
            
          
        

        
          	35
          	Kadapa (R) Andhra Pardesh
          	Sep 2011-Nov 2012
          	2.2±0.8
          	AE-42
          	880
          	NM
          	PM1
          	
            
              Weingartner 2003
            
            
              Arnott 2005
            
            
              Schmid 2006
            
          
          	
            
              Begam et al., 2016
            
          
        

        
          	36
          	Panchgaon (R) Delhi Outskirts
          	Apr 2015-Mar 2016
          	7.2±0.3
          	AE-42
          	880
          	16.6
          	NM
          	
            
              Weingartner 2003
            
          
          	
            
              Dumka et al., 2019
            
          
        

        
          	37
          	Hanle (Re) Ladakh
          	Aug 2009-Jul 2012
          	0.07±0.03
          	AE-31
          	370
880
          	NM
          	NM
          	NM
          	
            
              Gogoi et al., 2014
            
          
        

        
          	38
          	Kachchh (Re) Gujarat
          	2007-2010
          	0.2±0.1-1.4±0.7
          	AE-30
          	NM
          	NM
          	PM2.5
          	
            
              Weingartner 2003
            
          
          	
            
              Gogoi et al., 2013
            
          
        

        
          	39
          	Mukteshwar (Re) Nainital
          	Sep 2005-Sep 2007
          	0.8
          	AE-31
          	880
          	NM
          	PM2.5
          	
            
              Weingartner 2003
            
          
          	
            
              Hyvarinen et al., 2009
            
          
        

        
          	40
          	Manora Peak, Nainital (Re)
          	Nov 2004-Dec 2007
          	1.0±0.7
          	AE-42
          	880
          	16.6
          	PM1
          	
            
              Weingartner 2003
            
            
              Arnott 2005
            
          
          	
            
              Dumka et al., 2010
            
          
        

        
          	41
          	Ooty (Re)
          	Apr 2010-May 2012
          	0.61±0.36
          	AE-31
          	880
          	16.6
          	NM
          	
            
              Weingartner 2003
            
          
          	
            
              Udayasoorian et al., 2014
            
          
        

      

      
        
          Abbreviations used are: U - Urban, R - Rural, NM - Not Mentioned, TSP - Total Suspended Particulate, CU - Coastal Urban, Re - Remote, NU - Not Used, IAP - Institute of Atmospheric Physics, SU - Sub-Urban, PM2.5,10 - Particulate Matter having particles of aerodynamic diameter less than 2.5 and 10 μm, LBN - Laxmi Bai Nagar, IIT - Indian Institute of Technology
        

      

      

      As the number of studies in China (EBC studies published after 2005) is small as compared to studies in India, we have considered only those Indian studies which were reported for cities that are similar to Chinese cities either geographically or demographically. All the included studies from China are checked for references therein, and considered in this review. Only the studies published in English language are included, and studies published in national or regional languages are not included in this review. Based on the study sites, we have divided all the reported studies into five categories as: (i) Urban (U), (ii) Coastal-Urban (CU), (iii) Sub-Urban (SU), (iv) Rural (RU), and (v) Remote (Re).

      This review further contains four sections. Section 2 gives a brief description of all the three prominent techniques (Light Absorption, Thermal and Laser-Induced Incandescence) used to measure and report BC measurements. As in this review, we have included studies which made use of optical properties of BC (EBC measurement studies) for measuring BC mass, a detailed comparative description of all optical (light absorption based) technique/instruments is given in Section 3. Section 4 includes analysis and discussions on all the studies considered from both countries. It focuses on various critical parameters contributing to uncertainty and discrepancy arising in measurements carried out using different instruments.

      Because EBC is not a regulatory parameter of National Ambient Air Quality Standards (NAAQS), in general EBC is not measured at air quality monitoring stations and thus EBC data are not available publicly in India (Rana et al., 2019) and China (Rohde and Muller, 2015). Also, the data of individual studies conducted in both countries are not sufficient to define the characteristics and trends over the years. Therefore, the NASA’s Modern-Era Retrospective analysis for Research and Applications, version 2 (MERRA-2) satellite observation based modelled data (which are hereafter called “Surface Black Carbon, SBC”) are compared with ground observations (EBC) and are used to define the spatial distribution in both countries. Beijing and Delhi both were considered to be most polluted cities of the world till early 2000s (Gurjar et al., 2008). However, recent study (Ren, 2020) indicates that the situation has changed over the course of time and now pollution levels in Beijing are better than that of Delhi. Based on air quality report released by WHO for the years 2014 and 2018, Ren (2020) highlighted the better efficiency of pollution control measures in Beijing as compared to Delhi. Therefore, a qualitative analysis comparing temporal and seasonal variation of SBC and EBC concentrations of two national capitals is also included in Section 4.8.3 to realise the trends of BC levels over the years.

      This review primarily focuses on biases in EBC measurement technique in India and China with a peripheral emphasis on comparison of spatial distribution of EBC and SBC levels in both the countries. Section 5 concludes the review and contains recommendations and suggestions which can be incorporated for future measurements. Summary of all studies are given in tabular form. This review can act as information source for further detailed quantitative comparison of EBC distribution in two major countries of Asia, which are facing severe air pollution problems in the world. Furthermore, this review summarizes important parameters and advantages of almost all the commercially available EBC measurement instruments, which can be helpful in choosing an instrument as per the specific needs.

    

    

  
    
      2. BC PROPERTIES AND MEASUREMENT TECHNIQUES
      As mentioned above, at present there is no overall agreed reference method available for measurement of BC. The main reason for the same is the complex and ambiguous definition of BC. The most convincing definition till date was provided by Bond et al. (2013) which can be stated as follows:

      BC is a distinct type of carbonaceous material, which possess following properties:

      1. It strongly absorbs visible light with a Mass Absorption Cross section (MAC) of at least 5 m-2 g-1 at a wavelength of 550 nm.

      2. It is refractory; that is, it retains its basic form at very high temperatures, with a vaporization temperature near 4000 K.

      3. It is insoluble in water, in organic solvents including methanol and acetone, and in other components of atmospheric aerosol.

      4. It exists as an aggregate of small carbon spherules.

      Petzold et al. (2013) added a new property in order to include a distinct microstructural feature which is stated as

      5. It contains a high fraction of graphite-like sp2 bonded carbon atoms.

      At present there is no measurement technique or instrument available which can measure and confirm all these properties of atmospheric BC aerosol simultaneously, hence, we are deprived of a standard/reference method. Petzold et al. (2013) and Bond et al. (2013) have provided a very detailed description of all the BC measuring techniques and recommended terminology used to report BC. These methods are broadly classified into six categories, each confirming one or at most two properties mentioned above.

      Out of these six methods, following is a brief description of three techniques (Light Absorption, Thermal/Optical, and Laser Induced Incandescence) which have been widely used in Asia, especially in India and China. The other three techniques (Raman Spectroscopy, Electron Microscopy and Aerosol Mass Spectroscopy) to the best of our knowledge have not been used till now in India and China for reporting of long-term BC measurements. Detailed descriptions of these lesser-known techniques are given elsewhere (Nordmann et al., 2013; Onasch et al., 2012; Tumolva et al., 2010).

      Fig. 1 shows a block diagram summarizing other three common measurement techniques used in India and China. Light absorption technique makes use of BC’s property of strongly absorbing visible light. Light rays of a selected wavelength in visible region are made to pass through aerosol particles which are either in-situ or are deposited on a filter. Light intensity before and after passing through deposited aerosols is measured and attenuation of light is converted into mass concentration of BC using appropriate formulae and conversion factors which are discussed in detail in Section 3. Measurements acquired through this technique are generally reported as concentration of Equivalent Black Carbon (EBC).

      
        
        

        Fig. 1. 
				
        

        
          Block diagram categorising three common technique used for BC measurement.
        
        

        

      

      Thermal/optical technique makes use of two of the above-mentioned properties of BC, i.e. its (i) refractory nature and (ii) strong absorbance nature towards visible light. Measurements acquired through this technique are generally reported as concentration of Elemental Carbon (EC). The main advantage of this technique is that it can be helpful in source apportionment using correlation and ratio between Organic Carbon (OC) and EC, and also with other species (Wang et al., 2017a; Aggarwal and Kawamura, 2009, 2008). Charring and pyrolysis are the limitations which contribute to uncertainty in measurements. One of the disadvantages of this technique is that it cannot provide real-time data and process involved is more time consuming as compared to the light absorption technique. Detailed literature review on thermal/optical method is given in Karanasiou et al. (2015).

      Laser Induced Incandescence (LII) technique is newest of all the three techniques and uses refractory nature of BC in its working principle. A detailed informative review on LII is given by Michelsen et al. (2015). Two variations of LII techniques were described in above mentioned review. One is based on pulsed-laser excitation mainly used in combustion diagnostics and emissions measurements, another approach which uses continuous-wave lasers has become increasingly popular for BC measurements. Single Particle Soot Photometer (SP2) is an instrument based on second variation of LII which is used widely in these days. A detailed working of SP2 is provided throughout the literature (Laborde et al., 2012; Kondo et al., 2011; Schwarz et al., 2010, 2006; Snelling et al., 2005; Stephens et al., 2003). Mass concentration measured using LII technique is generally reported as Refractory Black Carbon (rBC) mass concentration (Lack et al., 2014; Petzold et al., 2013).

    

    

  
    
      3. INSTRUMENTS BASED ON LIGHT ABSORPTION TECHNIQUE
      A very informative review on instruments used for EBC measurement was done by Moosmüller et al. (2009). However, several new instruments like COSMOS (Continuous Soot Monitoring System), new Aethalometer, Black Carbon Photometer (BCP) and Multi-Spectrum Carbon Photometer (MSCP) have been introduced since then and other instruments have undergone a fair share of modification, so we have presented a brief overview of all the currently available instruments/techniques for EBC measurement. Available EBC measurement techniques can be categorised as (i) filter-based and (ii) in-situ measurement technique.

      
        3. 1 Filter-Based Instruments
        Basic working principle of all the filter-based instruments is the same. Briefly, ambient air is drawn at a certain flow rate and Particulate Matter (PM) is collected on a filter. Simultaneously, light of certain wavelength is made to pass through the deposited PM spot and attenuation of light intensity is used to calculate the light attenuation coefficient (βabs) in units of m-1. In order to ensure that the observed change in filter transmittance is not due to change in the intensity of the LED light source, a second filter spot is used as a reference. The equation used to calculate βabs is derived from Beer-Lambert law and is written as
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        where A is the area of the filter sample spot in m2 and V is the volume of air drawn during the given time period in m3. I0 and I are the average filter transmittances during the prior time period and the current time period, respectively. Light attenuation coefficient can be converted into mass concentration of EBC mass using following equation
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        where,

        
σBC= Mass Absorption Cross section (MAC) of EBC (m2 g-1)
MBC=Black Carbon Mass Concentration (μg m-3)

        MAC is an experimentally determined calibration constant and has unit of area per unit mass. MAC value measures the ability of a material to absorb intensity of light at a particular wavelength per unit gram. Although units are in area, it does not refer to actual size and can be considered analogous to nuclear cross section (a term often used in nuclear physics) which is quantified physically in terms of characteristic area, where larger the area larger is the probability of nuclear interaction. MAC is an experimentally determined calibration constant and have been derived for BC throughout the literature (Nordmann et al., 2013; Kondo et al., 2009). Known mass of BC (measured using other technique, instrument) is taken and then corresponding light attenuation coefficient (βabs) is measured. Then the ratio of attenuation coefficient and known mass is used as MAC value.

        The above stated formula (Equation (1)) is based on the assumption that the absorption is independent of non-linearity arising due to filter loading and also does not take into account the scattering due to filter medium as well scattering due to accumulated particulate matter. Further two correction factors corresponding to two effects (i) loading and (ii) multiple scattering effect are needed to be incorporated in equation to make filter-based measurements more accurate (Arnott et al., 2005; Weingartner et al., 2003). Loading effect refers to shadowing of freshly collected particles by previously collected particles and as a result, the measured BC becomes underestimated as the loading of particles on filter increases (Song et al., 2013). Second effect is caused by multiple scattering of the light beam at the filter fibres in the unloaded filter leading to an enhancement of the optical path and thus to enhanced light absorption of the deposited particles and ultimately leading to overestimation.

        Various empirical correction functions and algorithm have been derived to account for these artifacts arising due to use of filter (Virkkula et al., 2015, 2007; Park et al., 2010; Kirchstetter and Novakov, 2007; Bond and Bergstrom, 2006; Schmid et al., 2006; Arnott et al., 2005; Weingartner et al., 2003; Bodhaine, 1995). Equation (1) is further modified by adding two further coefficients called as correction factors. New equation used to calculate absorption coefficient taking above explained effects into account can be written as
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        where, C is correction factor corresponding to multiple scattering and R corresponds to shadowing effect. Value of these coefficients depends on correction method applied. Immersion of the particle loaded filters in oil with a refracting index similar to the filter fibres can minimise the multiple scattering effect (Ballach et al., 2001). However, this technique cannot be applied to online monitoring instruments. Recently introduced dual spot measurement technique provides a good alternative solution for loading effect (Drinovec et al., 2015).

        Furthermore, MAC value of carbonaceous aerosol is calculated experimentally and is specific to wavelength of light intensity used. Its stability depends on coating of particles by volatile compounds and co-existence of light-scattering particles (Kondo et al., 2009), thus is also a source of uncertainty for optical instruments. Increase in relative humidity of ambient air can also lead to increase in MAC value. Wu et al. (2016) found the rate of increase in MAC value per 10% increase in RH to be 0.20-0.24 m2 g-1. In order to overcome all the limitations described above, a variety of optical absorption and filter-based real-time measuring instruments are available commercially each having their advantages as well as limitations. We have tried to explain features, parameters, advantages of each instrument in the Table 1. Detailed working of instruments can be understood from references given along in the Table 1.

      

      
        3. 2 In-Situ Measurement
        As mentioned above, filter-based techniques suffer from filter loading effects and also do not measure optical absorption by aerosol particles directly, none of the above methods can be considered as qualified to be a reference method. In-situ measurement of absorbance is a major advantage of the two techniques/instruments mentioned in this section, which are (i) Photoacoustic Spectroscopy (PAS), and (ii) Black Carbon Photometer (BCP).

        
          (i) Photoacoustic Spectroscopy
        

        PAS has been used widely for trace gas analysis as well as to study light absorption by aerosol and study the behaviour of materials (Harren and Cristescu, 2006; Sigrist, 2003). It is considered as a possible reference method for measurement of optical properties of aerosol in visible region (Petzold et al., 2013; Lack et al., 2006; Arnott et al., 2003). Use of difference between extinction and scattering coefficient as absorbance coefficient is another near contender (Singh et al., 2016; Sheridan et al., 2005) but it requires use of two separate instruments which can lead to significant errors due to potentially different measurement systems and conditions (Wang et al., 2017b). Accuracy of PAS system has been reported to be 5-10% depending on laboratory or field locations and methods of calibration (Lack et al., 2006). Also, in-situ measurement makes PAS a comparatively better choice. Detailed working of PAS as well as its use for measurement of optical absorbance of light by aerosol is given in various research articles published previously (Wang et al., 2017b; Lack et al., 2009, 2006; Arnott et al., 2006, 2003, 1999).

        The working procedure for measuring aerosol optical properties is explained here briefly. Aerosol is passed through a chamber where a modulated light beam of certain wavelength is made to pass through the incoming aerosol, thus modulated light is absorbed by the particles. Light energy absorbed by the particles is transferred as heat energy to the surroundings, creating a pressure variation thus creating pressure/acoustic waves. These waves are further resonated in a cavity at characteristic radial and longitudinal frequencies. When laser beam power is modulated at the acoustic resonance frequency, the generated waves are further amplified and detected using microphones. As PAS offers various advantages (in-situ measurement and better accuracy) over other conventional methods, various photoacoustic sensors and analyser are developed individually with variable parameters (Wang et al., 2017b; Krämer et al., 2002). But despite its high relevance to EBC measurement, instruments based on this technique has not been fully explored and commercialised.

        
          (ii) Black Carbon Photometer
        

        This instrument is latest addition to the list of commercially available instruments which gives BC mass by measuring optical absorbance of aerosol. This instrument uses the technique of long-path photometry to quantify mass concentration of EBC by measuring extinction coefficient. It measures extinction coefficient of aerosol in-situ at two wavelengths 405 nm and 880 nm. Out of which, 880 nm channel is used to measure BC mass concentration. In situ-measurement of absorption coefficient using Beer-Lambert law approach (Equation 1) requires long path lengths of detection cells (where absorbance due to reference air and sample (ambient) air is measured in regular intervals, i.e. Io and I in Equation 1). However large detection cells are difficult to be rapidly flushed which leads to measurement error due to inherited variation in lamp intensity. The patented tubular design (Birks et al., 2020) of detection cell in BCP enables detection cell to be rapidly flushed, as a result sample (air containing aerosol) and reference measurement (clean air) can be switched quickly. Therefore, light attenuation through aerosol as well as clean air can be measured very rapidly. BCP’s tubular design is very similar to (extension of) the tubular design described in details in a study explaining folded tubular design for measurement of NO2 (Birks et al., 2018). This technique can prove to be a good option for in-situ measurements. However, to the best of our knowledge, there is no published data of EBC measurement or inter-comparison available presently using this instrument. Therefore, no concluding remarks can be made about field performance of this technique.

      

    

    

  
    
      4. DATA ANALYSES AND DISCUSSION
      As mentioned earlier, eighty studies are considered for this review. All studies from both the countries (India and China) are analysed for techniques and various parameters used for the EBC measurement. Summary of parameters and technique involved as well as measurement period and reported BC concentration is given in Table 2 and Table 3. Main results and findings about various parameters involved are discussed in following sub-sections.

      
        4. 1 Instrument
        Aethalometer is the most widely used instrument for EBC measurement in both countries. 71 out of 80 studies (89%) considered in this review from both countries (33 out of 40 (82%) from China and 38 out of 40 (96%) from India) have made use of different models of Aethalometer (AE-16, AE-21, AE-31, AE-42, AE-51, AE-33) Different models of Aethalometer have different features. AE-16 is the classic single wavelength (880 nm) Aethalometer which was introduced in 1997. In 1999, upgraded versions of AE-16, dual wavelength aethalometer AE-21 (370 nm and 880 nm) and seven wavelength Aethalometer AE-31 were introduced to provide options to study spectral dependency of optical properties of aerosol. AE-42 and AE-51 are the portable Aethalometers which were designed to provide ease of operation at remote location and on-board vehicle measurement. AE-42 uses the same aerosol collection, analysis and data systems as the ‘full-size’ standard models (AE-16, AE-21, AE-31) but is constructed in a smaller chassis and is equipped with an internal battery (Hansen and Schnell, 2005). AE-51 is pocket-size, light weight (230 g) and has a better resolution (1 ng m-3) than other models (micro-Aeth, 2016). AE-33 is the latest versions which can measure absorbance at 7 wavelengths and offers improved measurement by making use of a patented technology, i.e. Dual-Spot Measurement (Drinovec et al., 2015). Since AE-31 is most commonly used model of Aethalometer and uncertainties evaluation of this model has been done in few studies, detail about AE-31 and its parameters and uncertainties is given in Table 1 and detailed working procedure can be found in references given along.

        A recent review on the basis of 142 studies conducted in India from 2002 to 2018 also found that 96% of the studies used the various version of Aethalometer (Rana et al., 2019). This might be due to provision of multi wavelength channels as a result the ratio of absorbance of light at 370 nm and 880 nm can be used for source apportionment. For an example, absorbance at 370 nm is largely due to organic compounds produced by biomass burning. Therefore, the ratio of absorbance of light at 370 nm and 880 nm can be useful to find the contribution of biomass/wood burning in comparison to fossil fuels. Further details about “Aethalometer Model” used for source apportionment can be found in some of the studies included in this review (Dumka et al., 2018; Bisht et al., 2016). Another reason might be provision of measurement at 880 nm which is preferred wavelength for measurement of EBC. (Qin et al., 2019; Gupta et al., 2017; Srivastav et al., 2014; Tiwari et al., 2009). BC has been found to be primary absorber of light at 880 nm and absorbance due to other light absorbing aerosol is less significant at this wavelength (Bodhaine, 1995).

        However, frequent use of Aethalometer is quite surprising considering the advantages of other filter-based instrument like COSMOS (provides stabilised MAC value due to removal of non-refractory light absorbing aerosol by using a heated inlet), Multi-Angle Absorption Photometer (MAAP) (provides correction for scattering due to aerosol and filter media) and Multi Spectrum Carbon Photometer (MSCP) (provides measurement at 10 wavelengths in comparison to 8 wavelength channels in Aethalometer). MAAP has been used in three studies (Zhang et al., 2020a; Xu et al., 2014; Hyvarinen et al., 2010) whereas COSMOS and MSCP have been used in only 1 study each (Xue et al., 2018; Wang et al., 2011). More surprisingly, in-situ measurement technique, i.e. of PAS has still not been used to report BC measurement. Some studies have used PAS technique as a reference method to check the performance of instrument used for measurement. Three unconventional instruments were used to report EBC concentrations. These are Spectrometer (Chen et al., 2016; Schleicher et al., 2013), Smoke Stain Reflectometer (SSR) (Sandeep et al., 2013) and Laser Integrating Plate Method (LIPM) (Genchen et al., 2005). All these instruments involve a common process of collecting particulate matter mass on a filter using a sampler and then using these samples to measure attenuation of light from different spots of filter using an instrument specific wavelength. These instruments give concentration of EBC in offline mode and hence are not much popular.

      

      
        4. 2 Wavelength
        Wavelength used is the key parameter of any measurement which is based on measuring optical response (absorption, scattering) of species. Although optical response of EBC is almost similar throughout the visible spectrum but response of other light absorbing aerosol (especially Brown Carbon) has been found to be highly wavelength dependent (Liu et al., 2018; Shamjad et al., 2016). Measuring BC mass at lower wavelengths (towards UV spectrum) can lead to overestimation due to absorption by other light absorbing and scattering aerosol. Therefore, selection of wavelength used for measurement of EBC mass plays an important role to remove interferences due to presence of other light absorbing and scattering aerosol. Overall, 69 out of 80 studies (86%) from both countries (87% from China and 85% from India) have mentioned the wavelength used for measurement. Most of the studies used attenuation at 880 nm wavelength to measure BC concentrations which is obvious given that Aethalometer is the most widely used instrument whose 880 nm channel is considered as standard channel for reporting BC concentrations. Other wavelengths at which measurements have been done are 370 nm (Bisht et al., 2016), 565 nm (Wang et al., 2011), 650 nm (Chen et al., 2016; Schleicher et al., 2013), and 670 nm (Hyvarinen et al., 2010).

        Simultaneous measurements of BC concentrations at 370 nm and 880 nm were done in Delhi (Bisht et al., 2016) and BC mean concentrations reported from 880 nm wavelength channel were 22% lower than that of 370 nm wavelength channel which is quite significant suggesting obvious bias among optics-based instrument using different wavelengths. One study (Xue et al., 2018) measured EBC concentration for two months at three wavelength bands (i) near Ultra-Violet (ii) Visible and (iii) near Infra-Red. Mean EBC concentration at near-IR band was found to be 2.6 μg m-3 (ranging from 0.2 to 17.7 μg m-3) which is only 56% of the mean EBC concentration of 4.6 μg m-3 (ranging from 0.2 to 30 μg m-3) measured at near-UV region. As mentioned above, high absorbance at lower wavelengths (370 nm and near-UV region) is due to presence of other light absorbing aerosol which is significant at lower wavelength as compared to absorbance due to EBC. Thus, use of different wavelengths in different instruments may cause discrepancy in results of different instruments. So, standardisation of wavelength used for measurement and reporting of EBC concentrations is necessary. The 880 nm wavelength can be considered a possible candidate for standard measurement as BC has been found to be primary absorber at this wavelength. However, MAC value corresponding to wavelength 880 nm shows large variation showing influence of other light absorbing aerosol at 880 nm wavelength also.

      

      
        4. 3 MAC Value
        As per guidelines suggested by Petzold et al. (2013) for reporting BC measurements, MAC value corresponding to wavelength used should be mentioned when reporting EBC concentrations. Only 42 studies out of 80 (~52%) from both countries (52% from China and 52% from India) have mentioned the corresponding MAC value used for the conversion of attenuation coefficient to BC mass. About 93% of these MAC values used were manufacturer recommended. One study (Yan et al., 2008) conducted in rural area of China used MAC value which was derived by a linear regression of the BC concentrations at 880 nm from the Aethalometer against the light absorption coefficients at 532 nm simultaneously measured using PAS technique. The calculated value of MAC at 880 nm was 8.28 m2 g-1 which is almost half of the manufacturer recommended value of 16.6 m2 g-1 for 880 nm.

        Similarly, other studies carried out around the world also found MAC value to be significantly different from that suggested by manufacturer for AE-31 corresponding to wavelength of 880 nm (Arnott et al., 2003; Bergin et al., 2001; Moosemuller et al., 1998). MAC value corresponding to 880 nm wavelength was found to be varying from 10 to 19 m2 g-1 (Lou et al., 2007). Manufacturer recommended value of MAC corresponding to 880 nm for new model of Aethalometer (AE-33) have been changed to 7.7 m2 g-1 (Kolhe et al., 2018; Liu et al., 2017) from previous value of 16.6 m2 g-1 used in its predecessors. These discrepancies in MAC value are due to different sources of EBC, aging and coating of primary particles over the time due to mixing states (Bond et al., 2013; Kondo et al., 2009; Lou et al., 2007).

        MAC value of uncoated particles has been found to be highly stable having a value of 7.5±1.2 m2 g-1 at 550 nm (Bond and Bergstrom, 2006). MAC value of 10 m2 g-1 suggested for COSMOS remains stable due to use of heating inlet which removes coating of the particle (Kondo et al., 2009). As coating of particles is removed, MAC value becomes significantly independent of source and mixing states of the particles due to coating (Kondo et al., 2009). Stabilized MAC value provides a greater advantage to COSMOS over other filter-based instruments.

      

      
        4. 4 Correction Methods
        To reduce underestimation due to loading/shadowing effects various correction methods have been implemented in some of the studies which are included here. Virkkula (Virkkula et al., 2015, 2007) and Weingartnar (Weingartnar et al., 2003) method are the most common methods used to correct shadowing effect for Aethalometer. In these methods, empirically derived correction factor (R in Equation (3)) is used which is the function of instantaneous and threshold light attenuation through filter media. Recently introduced dual spot measurement technique (Drinovec et al., 2015) provides a good alternative to these conventionally used correction methods. Correction methods used to account for shadowing effect in COSMOS and MAAP are not mentioned in this review but they are explained in details in some other studies conducted worldwide (Miyazaki et al., 2008; Petzold and Schlonirrer, 2004).

        Correction for multiple scattering effect have been done in very few studies (Begam et al., 2016; Ran et al., 2016; Dumka et al., 2010). Schmid method (Schmid et al., 2006) and Arnott method (Arnott et al., 2005) have been used in these studies to treat multiple scattering effects of filter media. A wavelength dependent correction factor (C in Equation (3)) derived by modelling analysis of basic scattering theory is used to account for multiple scattering in filter media. This correction factor can be further modified to account for scattering due to aerosol by adding another term which is a function of aerosol single scattering albedo.

        Using MAAP to measure EBC concentration do not require corrections for scattering as it measures transmittance and reflectance at multiple angles and uses two-stream approximation in the radiative transfer budget. Inter-comparison of data with MAAP can be used to correct for the multiple scattering effect of the filter and scattering due to aerosols. This method has been implemented in two studies included in this review (Xue et al., 2018; Ran et al., 2016).

      

      
        4. 5 Inlet Size Segregation
        Study carried out in Beijing (Lou et al., 2007) analysed the contribution of EBC mass in TSP, PM10 and PM2.5. EBC mass detected using PM10 inlet was found to be 90% of EBC mass detected simultaneously without using any inlet (i.e. TSP). Similarly, EBC mass detected using PM2.5 inlet was found to be 82.6% of EBC mass detected simultaneously without using any inlet (i.e. TSP). Other studies conducted around world (Gatari and Boman, 2003; Moloi et al., 2002; Hitzenberger and Tohno, 2001) also found that most of the EBC is present in fine mode (PM2.5) with a little mass existing in coarse mode (above PM2.5). BC particles from combustion sources are always emitted in fine mode. However, internal mixing of BC with hygroscopic materials (sulphates and nitrates) can lead to particle growth at high humidity levels (Hitzenberger and Tohno, 2001).

        Furthermore, EBC from non-exhaust emission and resuspension (Lugon et al., 2020) can also be present in coarse mode. Thus, using different source (TSP, PM10, PM2.5, PM1) for EBC measurement can give slightly different results and thus should be mentioned while reporting EBC concentrations. 51 studies out of 80 (64%) from both countries (58% from India and 70% from China) have mentioned the inlet cutoff size. Out of these, 51% used PM2.5 size segregation device (cyclone or impactor) and 25% percent measured EBC concentration in TSP. PM10 and PM1 inlets are used in 12% of studies reviewed here. Furthermore, cutoff points for different segregation device used can get altered due to flow rate of sampling. Two studies (Reddy et al., 2012; Lou et al., 2007) have clearly mentioned the changed cutoff size of cyclones used due to use of fixed flow rate of instrument of 3 lpm (Litre Per Minute).

      

      
        4. 6 Terminology Used
        Use of simplified term “Black Carbon” has become a common practice to describe various type of carbonaceous particles. On the basis of its chemical and optical properties, measurement technique used, the more general term Black Carbon has been dissected into three specific terms as Elemental Carbon (EC), Equivalent Black Carbon (EBC) and Refractory Black Carbon (rBC) (Lack et al., 2014; Petzold et al., 2013). As mentioned earlier, it is recommended to use term EBC for BC mass measuring optical absorbance of aerosol. Only 4 out of 47 studies published after 2013 (Kumar et al., 2020; Wang et al., 2020; Zhang et al., 2017; Liu et al., 2016) have made use of this terminology (EBC) to report measurement. Out of these, 3 studies were from China whereas there is only one study from India which has used EBC term instead of BC.

      

      
        4. 7 Uncertainty
        Uncertainty of a measurement is an important aspect which is needed to be mentioned in order to validate the measurement. Only a few studies (~30%) from both the countries have reported uncertainty quoting/citing the previous research or inter-comparisons performed as well as manufacturer specifications. Undefined contribution from above mentioned sources of uncertainty (shadowing, multiple scattering effects, and coating of EBC particles contributing to uncertainty in βabs and MAC value, ultimately leading to uncertainty in MBC) makes it difficult to evaluate uncertainty of EBC measuring instruments in a rigorous way. Several studies carried around the world have tried to in-corporate errors occurring due to these sources (Backman et al., 2017; Singh et al., 2010; Schmid et al., 2006; Arnott et al. 2005; Weingartener et al., 2003). As mentioned earlier, various correction methods are suggested to reduce these errors but magnitude of errors and the uncertainty arising from these effects are still unknown and are site and source specific. Apart from these sources, various other sources of uncertainty which can be defined and quantified are flow rate, area of the filter spot and drift in intensity of light source used.

        Instrument specific uncertainty/accuracy based on the studies reviewed here and references therein are included in Table 1. Petzold and Schonlinner (2004) determined uncertainty in estimation of βabs (12%) for MAAP by performing error analysis of scattering and absorbance due to particle loaded and particle free filter matrices. They also estimated uncertainty in MBC calculation by MAAP to be 25% based on comparison with thermal technique (German reference method, Schmid et al., 2001). COSMOS accuracy (in MBC) was determined to be 10% on the basis of results of COSMOS vs SP2 comparison summary given in table 2 of Ohata et al. (2019). However, later on Ohata et al. (2021) estimated the absolute accuracy of COSMOS to be 15% taking into account the 10% uncertainty of reference instrument (SP2) as well. Total root mean squared systematic error in absorption coefficient (βabs) calculation due to quantifiable sources (flow rate, drift in reference and absorbance intensity, filter spot area) and correction factor has been shown to be 12% for COSMOS (Miyazaki et al., 2008). Using comparison with thermal method, Corrigan et al. (2006) reported uncertainty for Aethalometer (AE-31) to be ranging from 5-40%. Backman et al. (2017) evaluated relative uncertainty of Aethalometer (AE-31) to be 36% using equation of uncertainty propagation approach (Sharma et al., 2017a). However, manufacturer specified uncertainty of Aethalometer is mentioned to be 5% and 10% in few studies reviewed in current study (Zhou et al., 2018; Ji et al., 2017; Jose et al., 2016; Tiwari et al., 2013).

        As mentioned in discussion above, some of the references given in included studies were based on inter-comparison of instruments (Ohata et al., 2019; Kondo et al., 2009; Corrigen et al., 2006; Arnott et al., 2005) and some were based on using error analysis and equation of uncertainty propagation (Backman et al., 2017; Miyazaki et al., 2008; Petzold and Schonlinner, 2004). However, instruments/techniques used as reference for inter-comparison are different for different studies. Inter-comparison technique can be much more effective for defining accuracy once a standard reference method for measurement of EBC is declared by the regulatory bodies. Furthermore, there is a considerable negligence in reporting uncertainty of the instruments as only very few studies have specified uncertainty of the instrument and most of them were based on manufacturer recommended value. Error analysis and equation of propagation of uncertainty approach can be applied whenever possible to further strengthen the reporting of EBC concentrations.

      

      
        4. 8 Comparison Between MERRA-2 Reanalysis SBC and Ground-Based Observation EBC Data
        
          4. 8. 1 MERRA-2 Data
          The Modern-Era Retrospective Analysis for Research and Applications, Version 2 (MERRA-2) is the latest long-term global atmospheric reanalysis to assimilate space-based observations of aerosols and represent their interactions with other physical processes in the climate system initiated by NASA’s Global Modeling and Assimilation Office (GMAO). Details about MERRA-2 dataset can be accessed from previous studies (Bali et al., 2017; Kuo, 2017; Pfenninger and Stafell, 2016; Bosilovich et al., 2016, 2015; Buchard et al., 2015). The bias-corrected aerosol observations from satellites, Multi-Angle Image Spectro Radiometer and Advance Very High-Resolution Radiometer are used as input to the atmospheric model Goddard Earth Observing System Data 153 Assimilation System (GEOS-5) version 5.12.4 (Bosilovich et al., 2015; Buchard et al., 2015). Different type of aerosols (including BC) are simulated using the Goddard Chemistry Aerosol Radiation and Transport module in GEOS-5 (Bali et al., 2017; Buchard et al., 2015).

          MERRA-2 reanalysis Surface Black Carbon (SBC) data have been used and validated in several previous studies in China (Xu et al., 2020a; Qin et al., 2019), India (Rana et al., 2019; Bali et al., 2017) and other part on the globe (Evangeliou et al., 2021; Sitnov et al., 2020). Qin et al. (2019) found that the 12-hourly resolved MERRA-2 SBC data were highly correlated with ground-based EBC data throughout the years in 2015 (Spearman’s rank correlation coefficient=0.70) and 2016 (0.78) in Beijing. Similarly, Xu et al. (2020a) found correlation coefficient (r) ranging from 0.55 to 0.96 between MERRA-2 data and ground observations at nine sites in China. In India, Aerosol Optical Depth (AOD, an important parameter used to derive BC column and surface concentrations) of AERONET and MERRA-2 observation were found to be highly correlated at Kanpur (r=0.79) and Pokhra (r=0.70) (Bali et al., 2017).

        

        
          4. 8. 2 Comparison between Spatial Distribution of SBC and EBC Levels in China and India
          Decade long (2011-2020) time averaged heat map of Surface Black Carbon (SBC) concentrations using MERRA-2 reanalysis data over both countries is given in Fig. 2. Monthly averaged and spatially resolved gridded (0.50×0.6250) dataset of SBC levels from MERRA-2 is used to plot the heatmap. Indo-Gangetic Plane (IGP) has the highest SBC levels in India whereas Sichuan Basin (SB) and Northern China Plane (NCP) are the most polluted region in China in terms of SBC levels. More broadly, it can be said that northern India has large SBC emissions as compared to southern peninsula region. Similarly, it can be concluded that eastern China has high SBC density than the western China. Previous emission inventory (Wang et al., 2012) focussed on estimating BC emissions in China from 1949-2050 also found average emission densities (for the year 2007) in eastern China to be more than those in western China. Similar distribution of BC emission in India has been reported in previous inventory (Paliwal et al., 2016). Moreover, SBC levels in highly polluted regions in China (NCP and SB) (7-8 μg m-3) are significantly greater (double) than SBC levels in polluted region of India (IGP) (3-4 μg m-3). This result is similar to previous emission inventory of SO2 and carbonaceous aerosol (Lu et al., 2011) where BC emission estimates from China were almost doubled of BC emission estimates of India for the year 2010. Other inventories summarized in table 10 of Bond et al. (2013) also reported similar scale of differences between emissions from both countries.
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              Heat map showing spatial distribution of SBC levels in China and India from 2011-2020.
            
            

            

          

          Ground observation of EBC in both countries present a rather different picture from above results when EBC levels of both countries are compared. Annual average (reported in all studies conducted for at least 1 year between 2011 and 2020) EBC levels at highly polluted regions (IGP in India and NCP in China) ranges from 3.4 μg m-3 to 5.1 μg m-3 (Chen et al., 2020; Xia et al., 2020; Ji et al., 2017; Chen et al., 2016; Liu et al., 2016; Ran et al., 2016) in China, and ranges from 7 μg m-3 to 13.57 μg m-3 in India (Kumar et al., 2020; Tyagi et al., 2020; Gupta et al., 2017; Tiwari et al., 2016a, b, 2014, 2013; Talukdar et al., 2015). Therefore, ground observations data of EBC suggests that BC levels in IGP are significantly higher (double) than those of NCP. This result is contrasting to results of MERRA-2 and previous BC inventories (Bond et al., 2013; Lu et al., 2011) where SBC levels and BC emissions in China are found to be significantly higher than India. This anomaly can be further explained by country wise comparison maps (comparing EBC and SBC levels) of both countries given as Figs. 3 and 4.
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              In China, distribution of average SBC levels (2011-2020) and location of measurement sites along with corresponding measurement period, EBC and SBC levels of studies conducted in time period 2011-2020. Abbreviations used are: CUGB-China University of Geosciences, BAST - Beijing Academy of Science and Technology, BNU - Beijing Normal University, IAP - Institute of Atmospheric Physics, AIO - Atmospheric Integrated Observatory.
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              In India, distribution of average SBC levels (2011-2020) and location of measurement sites along with corresponding measurement period, EBC and SBC levels of studies conducted in time period 2011-2020. Abbreviations used are: IIT - Indian Institute of Technology, IMD - Indian Meteorological Department, IITM - Indian Institute of Tropical Management, LBN - Laxmi Bai Nagar, JNU - Jawaharlal Nehru University.
            
            

            

          

          Gridded (0.50×0.6250) raw datapoints of averaged SBC levels from 2010-2020 are plotted in respective country maps of China (Fig. 3) and India (Fig. 4). Location of all measurement sites of studies conducted in time period 2011-2020 is also denoted by circular markers. Measurement period, EBC levels and SBC levels (in μg m-3)corresponding to same time period are also given in pointed rectangular/square boxes. Grid value closest to location of EBC measurement site is used to find the corresponding SBC levels for same period.

          MERRA-2 data (SBC) correlated very well with the ground observations (EBC) in both countries. The Pearson correlation coefficient (r) value for comparison between mean SBC levels and mean EBC levels for 24 sites in China (Fig. 3) is 0.76. Similarly, the calculated r value for all 24 sites in India (Fig. 4) is 0.80. However, this correlation vanishes when all the observations from both countries are considered simultaneously to find correlation co-efficient (r=0.02, n=48). This is due to opposite biases between MERRA-2 data and ground observations data in both countries. Relative errors for each site are calculated as:
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          SBC levels in China consistently showed a positive bias in comparison to all ground observations studies included in current study with mean(±SD) relative error of 104±91%. Qin et al. (2019) also found a positive bias in temporal variation of MERRA-2 data during 2015-2016 in Beijing (ratio of the MERRA-2 SBC to ground-based EBC concentration ranged between 1.53 and 2.77 throughout the years of 2015 and 2016). SBC levels in India showed a negative bias in comparison with all ground-based observations (mean±SD=-60±27%) except for the two remote sites (Hanle and Ooty). A previous study (Navinya et al., 2020) found the negative mean bias of 38% between PM2.5 levels derived using MERRA-2 data (SBC, sea-salt, dust, SO4, OC) and PM2.5 data of 20 ground monitoring stations in India.

          The probable reason for these biases between two datasets is the spatial resolution of MERRA-2. One grid of MERRA-2 data covers a large area (about 50×50 km2) and is more appropriate to define the averaged SBC levels of entire city. Mode relative errors for all studies conducted at single site in Delhi are more than 47% and goes up to 77%, whereas mode relative error is only 31% for a study conducted in Delhi (Tyagi et al., 2017), in which mean EBC value of simultaneous observations of 8 monitoring stations spanning over Delhi is reported. Furthermore, MERRA-2 SBC levels represent the average SBC levels of vertical region up to the Planetary Boundary Layer (PBL) height in the gridded area, whereas ground observations represent EBC mass very near to surface (usually measurements are done at building rooftops, i.e. at <30 meters height). Surface level BC concentrations in a long-term study (Zhang et al., 2020b) in Beijing were calculated by measuring BC column density derived by Aerosol Robotic Network (AERONET) data and subsequently dividing it by PBL height. Surface level BC reported in Zhang et al. (2020b) are very similar (relative error less than 10% for 6-year observation data) to SBC levels.

          Overall, it can be concluded that spatial distribution of SBC correlates well with spatial distribution of EBC levels in each country individually but the relation between SBC and EBC is exactly the opposite between China and India (positive bias in China and negative bias in India). Even though various possible reasons (difference in methodology, different horizontal and vertical resolution of both data set) are discussed above, a rigorous scientific assessment using highly resolved ground measurements is further required for better assessment. Therefore, currently available SBC and EBC datasets can only be used to define the relative spatial distribution of BC in both countries individually and it is not possible to compare the concentrations of BC in China and India on an equal footing.

        

        
          4. 8. 3 Comparison Between Temporal Variation and Seasonal Characteristics of SBC and EBC Levels in Beijing and Delhi
          Yearly averaged EBC levels (reported from studies conducted for at least 1 year) and MERRA-2 SBC levels of Delhi and Beijing spanning time period 2006-2020 are plotted in Fig. 5(a) and 5(b), respectively. There exists a moderate correlation (r=0.46) between temporal variation of yearly averaged SBC and EBC levels in Beijing, but there is no correlation (r=0.06) among yearly averaged SBC and EBC levels in Delhi. Since both Beijing and Delhi are megacities, the concentration variation greatly depends on the environment/surrounding of the measurement sites. Furthermore, as discussed in current study, biases due to use of different instruments can also contribute to variation in EBC levels.
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              Annually averaged temporal variation of EBC and SBC levels in (a) Beijing and (b) Delhi spanning time period 2006-2020.
            
            

            

          

          Mean EBC levels reported by three studies (Bisht et al., 2015; Tiwari et al., 2014; Tiwari et al., 2013) in Delhi spanning time period 2011-2012 varied slightly ranging from 6.7 μg m-3 in 2011 (Tiwari et al., 2013) to 7.9 μg m-3 in 2012 (Bisht et al., 2015). All these studies were conducted at the same site (IITM, Delhi) and used same instrument (AE-31). EBC levels reported in these studies are about 50% of EBC levels reported by two recent studies (Kumar et al., 2020; Tyagi et al., 2020) in which measurements were done by a different instrument (AE-33 in both studies). Mean EBC level reported by measurement at 7 locations using AE-31 in Delhi by Tyagi et al. (2017) during December 2013-February 2014 is 8.0±3.1 μg m-3. These EBC levels reported are merely 33% of the EBC levels (24 μg m-3) reported by two studies (Bisht et al., 2016; Dumka et al., 2018) conducted for the time period December 2015-February 2016 using different instrument (AE-33) in Delhi. It is worth mentioning that even though site of EBC measurement was different in later studies (IITM in Bisht et al. (2016) and IMD in Dumka et al. (2018), Fig. 4) but EBC levels reported are very similar (24.1±5 μg m-3 and 24.4±12.2 μg m-3) showing the importance of using same parameters and instruments to bring comparability/uniformity in measurements.

          In Beijing, there are 4 studies spanning over a time period of 12 years (2006-2017) compared to that of 8 studies in Delhi covering 8 years in the time period 2006-2018. Therefore, based on above discussions it can be deduced that lack of long-term studies (long temporal observation at the same site using same instrument) in Delhi is one of the major reasons for less to no temporal correlation between MERRA-2 data and ground observations data. SBC levels over the years in both cities show negligible variation from 2006 to 2020 with mean value(±SD) of 7.9±0.27 μg m-3 in Beijing and 3.2±0.23 μg m-3 in Delhi. EBC levels in Beijing showed less variation, Fig. 5(a) (mean±SD=4.16±0.9 μg m-3) as compared to Delhi, Fig. 5(b) (11.3±3.2 μg m-3). However, these trends are contradictory to studies based on PM data (Ren, 2020) in which it was pointed out that pollution levels have decreased in Beijing over the last few years (2014-2018). Furthermore, as mentioned above, less to no correlation exists between temporal variation of SBC and EBC levels of studies included from Delhi and Beijing. Also available EBC data cannot be considered reliable to define trend over the years in both cities due to less spatial coverage and use of different instrument and different sites in studies. Therefore, no concluding remarks can be made using either EBC or SBC data about trend of BC aerosol over the years in both cities.

          Seasonal characteristics of EBC levels and SBC levels in Beijing and Delhi for the time period (2006-2020) is shown in Fig. 6(a) and 6(b), respectively. Season wise mean SBC and EBC levels are highly correlated (r=0.90 in Beijing and r=0.97 in Delhi) in both the cities. Therefore, relative seasonal characteristics in both cities can be explained on the basis of SBC levels.
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              Seasonal characteristics of EBC and SBC levels from 2006 to 2020 in (a) Beijing and (b) Delhi.
            
            

            

          

          SBC levels in Beijing show little seasonal variation with SBC levels being slightly higher in winter and autumn as compared to that of spring and summer. Mean(±SD) SBC levels (during time period 2006-2020) are 9.00±0.84 μg m-3 in winter, 8.9±0.46 μg m-3 in autumn, 7.27±0.38 μg m-3 in summer, and 6.61±0.40 μg m-3 in spring. Residential coal burning during periods with low temperature and relatively stable meteorological conditions could be the possible reasons for slight increment in EBC levels in winter (December-February) and partly (in November) in autumn (Chen et al., 2016; Liu et al., 2016). Biomass burning in harvest season was found be another reason for comparatively high pollution in autumn (Ji et al., 2017; Yu et al., 2013). Wet scavenging, increased dispersion and low emissions in summer are the possible reasons for less EBC levels in summer (Ji et al., 2017).

          SBC levels in Delhi show distinctive seasonal variation and are significantly higher (3 times) in post-monsoon and winter in comparison to summer and monsoon. Mean(±SD) SBC levels (during time period 2006-2020) in winter and post-monsoon are 5.26±0.59 μg m-3 and 5.66±0.93 μg m-3, respectively. Whereas mean SBC level in summer and monsoon are 1.87±0.12 μg m-3 and 1.72±0.11 μg m-3. Unfavorable meteorological conditions (low relative humidity and low solar heating of land accompanied by low ventilation coefficients that result in less dispersion of aerosols) (Tyagi et al., 2020; Tiwari et al., 2013) along with increased local emissions (open waste burning by people to fight cold) (Dumka et al., 2018) are the main reasons for high EBC levels in winter in Delhi. Bisht et al. (2015) found the strong influence of agricultural biomass burning on PM2.5 and carbonaceous aerosol during post-monsoon in 2012. Other studies have also found the impact of agricultural burning in nearby states on PM2.5 levels in post-monsoon season in Delhi. They used fire spots (NASA’s Fire Information for Resource Management’s Archives) data and air mass back trajectories to analyse the effect. However, study relating to the effect of fire-spots primarily on EBC levels in Delhi is still missing.

        

      

    

    

  
    
      5. CONCLUSION AND RECOMMENDATIONS
      Based on EBC measurements and studies carried out in China and India, it is evident that the continuous realtime measurements of EBC are scarce in both the countries. Especially in China, the lack of temporal as well as spatial data makes it difficult to observe trends of EBC over the years or to realise the distribution of carbonaceous aerosol throughout the country. In India, the number of studies is comparatively higher but adequate long-term data are limitedly available to set a determinate trend over the years of EBC. The data presently available dampens the possibility of a meta-analysis being carried out because of the inconsistency in methodologies and variegated parameters adopted for measurement in different studies. The incoherency in methodologies is the result of a need of standard guideline and establishment of a reference method. In this review we have highlighted several parameters that need to be standardised through a systematic and scientific assessment. It is found that variability in parameters like wavelength, MAC, and particle size can lead to variation in EBC mass reported by an instrument. Measuring EBC at near UV region can lead to 20-50% over estimation, using a size segregation device at inlet of aerosol flow line can result to underestimation of 10-15% as compared to when no size segregation device is used. Using manufacturer recommended value of MAC can lead to a large uncertainty (i.e. up to 100% over- as well as under-estimation of measurement results).

      In an attempt to reduce discrepancy and improve the quality of reporting of EBC concentrations, following recommendations are made based on studies included in this review:

      (i) Other instruments used for EBC measurement (COSMOS, MAAP, MSCP) should be explored and more studies based on these instruments are needed in both countries to check their performance as they provide better advantage over conventionally used instrument Aethalometer. Furthermore, a filter-based instrument which has all the advantages/features (like heated inlet as provided in COSMOS to get stable MAC value, multiwavelength channel and dual spot measurement technique as provided in AE-33 to reduce filter loading effect, multiangle reflectance measurement as provided in MAAP to remove multiple scattering error) can provide better measurement results with minimum uncertainty. Manufacturers can collaborate to come up with such an instrument.

      (ii) In-situ measurement instruments (PAS and BCP) need to be promoted in both countries as these instruments provide a direct approach to measure optical properties of carbonaceous aerosol due to consumable (filter) free operation. These methods do not suffer from measurement errors arising due to filter loading and filter multiple scattering. Furthermore, inter-comparison of absolute value of BC mass concentration measured by SP2 should be performed as it can selectively detect BC particles and can be helpful in studying various properties (effective density, mixing states) of BC.

      (iii) Standardization of wavelength used to report EBC measurement is necessary as measurements at different wavelengths can produce inconsistent results. Measurement at 880 nm wavelength channel (standard channel in Aethalometer measurements) is a good approach as other aerosol has less absorbance at this wavelength, and most of the previous measurements have been performed at this wavelength. However, high instability of MAC value at 880 nm wavelength is a major issue related to these measurements. Stabilised MAC value at 565 nm due to use of heated inlet makes measurement at this wavelength another alternative.

      (iv) Use of a stable and correct MAC value is very essential to reduce uncertainty in measurement of EBC. All sources of uncertainty should be reduced by applying all correction measures simultaneously which are (a) use of a heated inlet to remove coating and get a stable MAC value (b) inter-comparison with MAAP to reduce effects of scattering due to aerosol.

      (v) More studies are needed to realise the fraction of EBC in various type of aerosol based upon size (TSP, PM10, PM2.5, PM1). It is recommended to measure EBC concentration in PM1 to realise its climate effects. If a study is carried out to realise health effects of EBC then use of size-segregation device to measure EBC is recommended to get concentration of inhalable, respirable EBC only. Furthermore, EBC in TSP (or at least PM10) should be considered to characterise the distribution of EBC at given place. Use of cutoff can lead to 10 to 15% underestimation of total suspended EBC.

      (vi) Use of specific term “EBC” is recommended to report measurements done by making use of light absorption technique to avoid confusion with EC or rBC. Use of simplified term BC should be avoided.

      For analysis of EBC contribution in certain type of PM (i.e. PM2.5, PM10) we recommend to use national standard guideline issued by corresponding national level regulation bodies (China, 2012; Kamyotra et al., 2011) for the use of size segregation device as well as flow rate and other important parameters. If flowrate of instrument is different from the one as per guidelines suitable measures like implementation of an extra pump to draw ambient air from air can be taken. Further, isokinetic sampling must be insured if extra pump is used to achieve desired particle concentration.

      (viii) Combined uncertainty of measurement derived from sources which can be quantified should be calculated and mentioned. Inter-comparison technique with the reference method can be used to report accuracy of instruments and get an idea due to all factors (quantifiable as well as unquantifiable) once a reference method is widely accepted throughout the world.

      (ix) International and national level regulatory bodies like International Bureau of Weights and Measure (BIPM) and National Metrological Institutes (NMIs) can come together to develop a standard traceable calibration procedure for BC instruments. Certified Reference Material (CRM) can be developed by further investigating the properties of possible candidates summarized in Baumgardner et al. (2012).

      (x) Due to high significance of BC measurements, it should be included as one of the parameters in National Air Quality Standards (NAAQS) of nations, especially in India and China which are considered largest emitters of carbonaceous aerosol globally. Furthermore, efforts should be made towards developing and establishing a globally accepted standard protocol/ method for BC measurements to bring consistency in independent measurements.

      MERRA-2 SBC data correlates very well with EBC data of spatially distributed ground-based observations reviewed in this study from each country. However, distinctively opposite biases (EBC greater than SBC in India and EBC less than SBC in China) between MERRA-2 SBC and EBC distribution levels were observed. Therefore, it is not possible to compare the concentrations of China and India on an equal footing. Heat map of SBC levels shows that Sichuan Basin and Northern Plane in China, and Indo-Gangetic Plane in India experience significantly higher concentrations of carbonaceous aerosol as compared to other regions in the respective countries. Temporal variation of SBC data does not show any significant change in SBC levels over the years in Beijing and Delhi in contrast to previous studies comparing pollution in Beijing and Delhi based on PM2.5 levels. There is moderate correlation between temporally varying EBC levels and SBC levels in Beijing and no correlation exists in Delhi. Therefore, no concluding remarks can be made about trend of BC aerosol down the years in both cities. Seasonally, mean EBC levels and SBC levels correlate very well and show similar variations. BC levels in Delhi show large variation seasonally as post-monsoon and winter seasons accounted for most of the carbonaceous aerosol in Delhi. BC levels in Beijing do not vary much seasonally and concentrations in winter and autumn were slightly higher than spring and summer. Absence of publicly available ground observation based reliable data and studies spanning large area and time period makes it difficult to fully validate modelled SBC data. Therefore, it is recommended to have long term observations taking into account above mentioned measures especially for studying health impact and making better control planning.

    

    

  
    
      Acknowledgments
      AM is thankful to University Grant Commission (UGC) for providing the fellowship under UGC-SRF scheme (Project No. P90802). The authors thank Director, CSIR-National Physical Laboratory for facilitating support. All the members of the Gas Metrology group and Head of the ESBM division are acknowledged for their help and support. Authors are also thankful to three anonymous reviewers for their valuable suggestions. Authors acknowledge the Global Modelling and Assimilation Office of the Goddard Space Flight Centre, NASA for providing the MERRA-2 plaform.

    

    

  
    
      References
      
        
          	
          	
        

        
          	
            
              1. 
            
          
          	Aggarwal, S.G., Kawamura, K. (2008) Molecular distributions and stable carbon isotopic compositions of dicarboxylic acids and related compounds in aerosols from Sapporo, Japan: Implications for photochemical aging during long-range atmospheric transport. Journal of Geophysical Research: Atmospheres, 113(D14).
			[https://doi.org/10.1029/2007JD009365]
		
        

        
          	
            
              2. 
            
          
          	Aggarwal, S.G., Kawamura, K. (2009) Carbonaceous and inorganic composition in long-range transported aerosols over northern Japan: Implication for aging of water-soluble organic fraction. Atmospheric Environment, 43(16), 2532-2540.
			[https://doi.org/10.1016/j.atmosenv.2009.02.032]
		
        

        
          	
            
              3. 
            
          
          	Apte, J.S., Kirchstetter, T.W., Reich, A.H., Deshpande, S.J., Kaushik, G., Chel, A., Marshall, J.D., Nazaroff, W.W. (2011) Concentrations of fine, ultrafine, and black carbon particles in auto-rickshaws in New Delhi, India. Atmospheric Environment, 45(26), 4470-4480.
			[https://doi.org/10.1016/j.atmosenv.2011.05.028]
		
        

        
          	
            
              4. 
            
          
          	Arnott, W.P., Moosmüller, H., Rogers, C.F., Jin, T., Bruch, R. (1999) Photoacoustic spectrometer for measuring light absorption by aerosol: instrument description. Atmospheric Environment, 33(17), 2845-2852.
			[https://doi.org/10.1016/S1352-2310(98)00361-6]
		
        

        
          	
            
              5. 
            
          
          	Arnott, W.P., Moosmüller, H., Sheridan, P.J., Ogren, J.A., Raspet, R., Slaton, W.V., Hand, J.L., Kreidenweis, S.M., Collett Jr, J.L. (2003) Photoacoustic and filter-based ambient aerosol light absorption measurements: Instrument comparisons and the role of relative humidity. Journal of Geophysical Research: Atmospheres, 108(D1), AAC-15.
			[https://doi.org/10.1029/2002JD002165]
		
        

        
          	
            
              6. 
            
          
          	Arnott, W.P., Hamasha, K., Moosmüller, H., Sheridan, P.J., Ogren, J.A. (2005) Towards aerosol light-absorption measurements with a 7-wavelength aethalometer: Evaluation with a photoacoustic instrument and 3-wavelength nephelometer. Aerosol Science and Technology, 39(1), 17-29.
			[https://doi.org/10.1080/027868290901972]
		
        

        
          	
            
              7. 
            
          
          	Arnott, W.P., Walker, J.W., Moosmüller, H., Elleman, R.A., Jonsson, H.H., Buzorius, G., Conant, W.C., Flagan, R.C., Seinfeld, J.H. (2006) Photoacoustic insight for aerosol light absorption aloft from meteorological aircraft and comparison with particle soot absorption photometer measurements: DOE Southern Great Plains climate research facility and the coastal stratocumulus-imposed perturbation experiments. Journal of Geophysical Research: Atmospheres, 111(D5).
			[https://doi.org/10.1029/2005JD005964]
		
        

        
          	
            
              8. 
            
          
          	Aruna, K., Kumar, T.L., Rao, D.N., Murthy, B.K., Babu, S.S., Moorthy, K.K. (2013) Black carbon aerosols in a tropical semi-urban coastal environment: Effects of boundary layer dynamics and long-range transport. Journal of Atmospheric and Solar-Terrestrial Physics, 104, 116-125.
			[https://doi.org/10.1016/j.jastp.2013.08.020]
		
        

        
          	
            
              9. 
            
          
          	Backman, J., Schmeisser, L., Virkkula, A., Ogren, J.A., Asmi, E., Starkweather, S., Sharma, S., Eleftheriadis, K., Uttal, T., Jefferson, A., Bergin, M. (2017) On Aethalometer measurement uncertainties and an instrument correction factor for the Arctic. Atmospheric Measurement Techniques, 10(12), 5039-5062.
			[https://doi.org/10.5194/amt-10-5039-2017]
		
        

        
          	
            
              10. 
            
          
          	Bali, K., Mishra, A.K., Singh, S. (2017) Impact of anomalous forest fire on aerosol radiative forcing and snow cover over Himalayan region. Atmospheric Environment, 150, 264-275.
			[https://doi.org/10.1016/j.atmosenv.2016.11.061]
		
        

        
          	
            
              11. 
            
          
          	Ballach, J., Hitzenberger, R., Schultz, E., Jaeschke, W. (2001) Development of an improved optical transmission technique for black carbon (BC) analysis. Atmospheric Environment, 35(12), 2089-2100.
			[https://doi.org/10.1016/S1352-2310(00)00499-4]
		
        

        
          	
            
              12. 
            
          
          	Bano, T., Singh, S., Gupta, N.C., Soni, K., Tanwar, R.S., Nath, S., Arya, B.C., Gera, B.S. (2011) Variation in aerosol black carbon concentration and its emission estimates at the megacity Delhi. International journal of remote sensing, 32(21), 6749-6764.
			[https://doi.org/10.1080/01431161.2010.512943]
		
        

        
          	
            
              13. 
            
          
          	Baumgardner, D., Popovicheva, O., Allan, J., Bernardoni, V., Cao, J., Cavalli, F., Cozic, J., Diapouli, E., Eleftheriadis, K., Genberg, P.J., Gonzalez, C. (2012) Soot reference materials for instrument calibration and intercomparisons: a workshop summary with recommendations. Atmospheric Measurement Techniques, 5(8), 1869-1887.
			[https://doi.org/10.5194/amt-5-1869-2012]
		
        

        
          	
            
              14. 
            
          
          	Begam, G.R., Vachaspati, C.V., Ahammed, Y.N., Kumar, K.R., Babu, S.S., Reddy, R.R. (2016) Measurement and analysis of black carbon aerosols over a tropical semi-arid station in Kadapa, India. Atmospheric Research, 171, 77-91.
			[https://doi.org/10.1016/j.atmosres.2015.12.014]
		
        

        
          	
            
              15. 
            
          
          	Bergin, M.H., Cass, G.R., Xu, J., Fang, C., Zeng, L.M., Yu, T., Salmon, L.G., Kiang, C.S., Tang, X.Y., Zhang, Y.H., Chameides, W.L. (2001) Aerosol radiative, physical, and chemical properties in Beijing during June 1999. Journal of Geophysical Research: Atmospheres, 106(D16), 17969-17980.
			[https://doi.org/10.1029/2001JD900073]
		
        

        
          	
            
              16. 
            
          
          	Bhat, M.A., Romshoo, S.A., Beig, G. (2017) Aerosol black carbon at an urban site-Srinagar, North western Himalaya, India: Seasonality, sources, meteorology and radiative forcing. Atmospheric Environment, 165, 336-348.
			[https://doi.org/10.1016/j.atmosenv.2017.07.004]
		
        

        
          	
            
              17. 
            
          
          	Birks, J.W., Andersen, P.C., Williford, C.J., Turnipseed, A.A., Strunk, S.E., Ennis, C.A., Mattson, E. (2018) Folded tubular photometer for atmospheric measurements of NO2 and NO. Atmospheric Measurement Techniques, 11(5), 2821-2835.
			[https://doi.org/10.5194/amt-11-2821-2018]
		
        

        
          	
            
              18. 
            
          
          	Birks, J.W., Andersen, P.C., Turnipseed, A.A., Williford, C.J. (2020) U.S. Patent No. 10,684,215. Washington, DC: U.S. Patent and Trademark Office.
        

        
          	
            
              19. 
            
          
          	Bisht, D.S., Dumka, U.C., Kaskaoutis, D.G., Pipal, A.S., Srivastava, A.K., Soni, V.K., Attri, S.D., Sateesh, M., Tiwari, S. (2015) Carbonaceous aerosols and pollutants over Delhi urban environment: temporal evolution, source apportionment and radiative forcing. Science of the Total Environment, 521, 431-445.
			[https://doi.org/10.1016/j.scitotenv.2015.03.083]
		
        

        
          	
            
              20. 
            
          
          	Bisht, D.S., Tiwari, S., Dumka, U.C., Srivastava, A.K., Safai, P.D., Ghude, S.D., Chate, D.M., Rao, P.S.P., Ali, K., Prabhakaran, T., Panickar, A.S. (2016) Tethered balloon-born and ground-based measurements of black carbon and particulate profiles within the lower troposphere during the foggy period in Delhi, India. Science of the Total Environment, 573, 894-905.
			[https://doi.org/10.1016/j.scitotenv.2016.08.185]
		
        

        
          	
            
              21. 
            
          
          	Bodhaine, B.A. (1995) Aerosol absorption measurements at Barrow, Mauna Loa and the south pole. Journal of Geophysical Research: Atmospheres, 100(D5), 8967-8975.
			[https://doi.org/10.1029/95JD00513]
		
        

        
          	
            
              22. 
            
          
          	Bond, T.C., Bergstrom, R.W. (2006) Light absorption by carbonaceous particles: An investigative review. Aerosol Science and Technology, 40(1), 27-67.
			[https://doi.org/10.1080/02786820500421521]
		
        

        
          	
            
              23. 
            
          
          	Bond, T.C., Bhardwaj, E., Dong, R., Jogani, R., Jung, S., Roden, C., Streets, D.G., Trautmann, N.M. (2007) Historical emissions of black and organic carbon aerosol from energy-related combustion, 1850-2000. Global Biogeochemical Cycles, 21(2).
			[https://doi.org/10.1029/2006GB002840]
		
        

        
          	
            
              24. 
            
          
          	Bond, T.C., Doherty, S.J., Fahey, D.W., Forster, P.M., Berntsen, T., DeAngelo, B.J., Flanner, M.G., Ghan, S., Kärcher, B., Koch, D., Kinne, S. (2013) Bounding the role of black carbon in the climate system: A scientific assessment. Journal of Geophysical Research: Atmospheres, 118(11), 5380-5552.
			[https://doi.org/10.1002/jgrd.50171]
		
        

        
          	
            
              25. 
            
          
          	Bosilovich, M.G., Akella, S., Coy, L., Cullather, R., Draper, C., Gelaro, R., Kovach, R., Liu, Q., Molod, A., Norris, P., Wargan, K. (2015) MERRA-2: Initial evaluation of the climate.
        

        
          	
            
              26. 
            
          
          	Bosilovich, M.G., Lucchesi, R., Suarez, M. (2016) MERRA-2: File Specification. GMAO Office 515 Note No. 9 (Version 1.1), 73, available from http://gmao.gsfc.nasa.gov/pubs/office_notes, .
        

        
          	
            
              27. 
            
          
          	Buchard, V., Da Silva, A.M., Colarco, P.R., Darmenov, A., Randles, C.A., Govindaraju, R., Torres, O., Campbell, J., Spurr, R. (2015) Using the OMI aerosol index and absorption aerosol optical depth to evaluate the NASA MERRA Aerosol Reanalysis. Atmospheric Chemistry and Physics, 15(10), 5743-5760.
			[https://doi.org/10.5194/acp-15-5743-2015]
		
        

        
          	
            
              28. 
            
          
          	Cao, J.J., Zhu, C.S., Chow, J.C., Watson, J.G., Han, Y.M., Wang, G.H., Shen, Z.X., An, Z.S. (2009) Black carbon relationships with emissions and meteorology in Xi’an, China. Atmospheric Research, 94(2), 194-202.
			[https://doi.org/10.1016/j.atmosres.2009.05.009]
		
        

        
          	
            
              29. 
            
          
          	Chen, X., Zhang, Z., Engling, G., Zhang, R., Tao, J., Lin, M., Sang, X., Chan, C., Li, S., Li, Y. (2014) Characterization of fine particulate black carbon in Guangzhou, a megacity of South China. Atmospheric Pollution Research, 5(3), 361-370.
			[https://doi.org/10.5094/APR.2014.042]
		
        

        
          	
            
              30. 
            
          
          	Chen, Y., Schleicher, N., Fricker, M., Cen, K., Liu, X.L., Kaminski, U., Yu, Y., Wu, X.F., Norra, S. (2016) Long-term variation of black carbon and PM2.5 in Beijing, China with respect to meteorological conditions and governmental measures. Environmental Pollution, 212, 269-278.
			[https://doi.org/10.1016/j.envpol.2016.01.008]
		
        

        
          	
            
              31. 
            
          
          	Chen, X., Kang, S., Cong, Z., Yang, J., Ma, Y. (2018) Concentration, temporal variation, and sources of black carbon in the Mt. Everest region retrieved by real-time observation and simulation. Atmospheric Chemistry and Physics, 18(17), 12859-12875.
			[https://doi.org/10.5194/acp-18-12859-2018]
		
        

        
          	
            
              32. 
            
          
          	Chen, W., Tian, H., Zhao, H., Qin, K. (2020) Multichannel characteristics of absorbing aerosols in Xuzhou and implication of black carbon. Science of The Total Environment, 714, 136820.
			[https://doi.org/10.1016/j.scitotenv.2020.136820]
		
        

        
          	
            
              33. 
            
          
          	Cheng, Y., Lee, S.C., Ho, K.F., Wang, Y.Q., Cao, J.J., Chow, J.C., Watson, J.G. (2006) Black carbon measurement in a coastal area of south China. Journal of Geophysical Research: Atmospheres, 111(D12).
			[https://doi.org/10.1029/2005JD006663]
		
        

        
          	
            
              34. 
            
          
          	Cheng, T., Han, Z., Zhang, R., Du, H., Jia, X., Wang, J., Yao, J. (2010) Black carbon in a continental semi-arid area of Northeast China and its possible sources of fire emission. Journal of Geophysical Research: Atmospheres, 115(D23).
			[https://doi.org/10.1029/2009JD013523]
		
        

        
          	
            
              35. 
            
          
          	China, M. (2012) Ambient air quality standards. GB 3095-2012. China Environmental Science Press, Beijing (Available through https://codeofchina.com/standard/GB3095-2012.html, ).
        

        
          	
            
              36. 
            
          
          	Corrigan, C.E., Ramanathan, V., Schauer, J.J. (2006) Impact of monsoon transitions on the physical and optical properties of aerosols. Journal of Geophysical Research: Atmospheres, 111(D18).
			[https://doi.org/10.1029/2005JD006370]
		
        

        
          	
            
              37. 
            
          
          	Das, N., Baral, S.S., Sahoo, S.K., Mohapatra, R.K., Ramulu, T.S., Das, S.N., Chaudhury, G.R. (2009) Aerosol physical characteristics at Bhubaneswar, East coast of India. Atmospheric Research, 93(4), 897-901.
			[https://doi.org/10.1016/j.atmosres.2009.04.013]
		
        

        
          	
            
              38. 
            
          
          	Drinovec, L., Močnik, G., Zotter, P., Prévôt, A.S.H., Ruckstuhl, C., Coz, E., Rupakheti, M., Sciare, J., Müller, T., Wiedensohler, A., Hansen, A.D.A. (2015) The “dual-spot” Aethalometer: an improved measurement of aerosol black carbon with real-time loading compensation. Atmospheric Measurement Techniques, 8(5), 1965-1979.
			[https://doi.org/10.5194/amt-8-1965-2015]
		
        

        
          	
            
              39. 
            
          
          	Dumka, U.C., Moorthy, K.K., Kumar, R., Hegde, P., Sagar, R., Pant, P., Singh, N., Babu, S.S. (2010) Characteristics of aerosol black carbon mass concentration over a high-altitude location in the Central Himalayas from multi-year measurements. Atmospheric Research, 96(4), 510-521.
			[https://doi.org/10.1016/j.atmosres.2009.12.010]
		
        

        
          	
            
              40. 
            
          
          	Dumka, U.C., Kaskaoutis, D.G., Tiwari, S., Safai, P.D., Attri, S.D., Soni, V.K., Singh, N., Mihalopoulos, N. (2018) Assessment of biomass burning and fossil fuel contribution to black carbon concentrations in Delhi during winter. Atmospheric Environment, 194, 93-109.
			[https://doi.org/10.1016/j.atmosenv.2018.09.033]
		
        

        
          	
            
              41. 
            
          
          	Dumka, U.C., Kaskaoutis, D.G., Devara, P.C.S., Kumar, R., Kumar, S., Tiwari, S., Gerasopoulos, E., Mihalopoulos, N. (2019) Year-long variability of the fossil fuel and wood burning black carbon components at a rural site in southern Delhi outskirts. Atmospheric Research, 216, 11-25.
			[https://doi.org/10.1016/j.atmosres.2018.09.016]
		
        

        
          	
            
              42. 
            
          
          	Evangeliou, N., Platt, S.M., Eckhardt, S., Lund Myhre, C., Laj, P., Alados-Arboledas, L., Backman, J., Brem, B.T., Fiebig, M., Flentje, H., Marinoni, A. (2021) Changes in black carbon emissions over Europe due to COVID-19 lockdowns. Atmospheric Chemistry and Physics, 21(4), 2675-2692.
			[https://doi.org/10.5194/acp-21-2675-2021]
		
        

        
          	
            
              43. 
            
          
          	Feng, J., Zhong, M., Xu, B., Du, Y., Wu, M., Wang, H., Chen, C. (2014) Concentrations, seasonal and diurnal variations of black carbon in PM2.5 in Shanghai, China. Atmospheric Research, 147, 1-9.
			[https://doi.org/10.1016/j.atmosres.2014.04.018]
		
        

        
          	
            
              44. 
            
          
          	Friedlingstein, P., Jones, M.W., O’sullivan, M., Andrew, R.M., Hauck, J., Peters, G.P., Peters, W., Pongratz, J., Sitch, S., Quéré, C.L., Bakker, D.C. (2019) Global carbon budget 2019. Earth System Science Data, 11(4), 1783-1838.
			[https://doi.org/10.5194/essd-11-1783-2019]
		
        

        
          	
            
              45. 
            
          
          	Ganguly, D., Jayaraman, A., Rajesh, T.A., Gadhavi, H. (2006) Wintertime aerosol properties during foggy and nonfoggy days over urban center Delhi and their implications for shortwave radiative forcing. Journal of Geophysical Research: Atmospheres, 111(D15).
			[https://doi.org/10.1029/2005JD007029]
		
        

        
          	
            
              46. 
            
          
          	Gatari, M.J., Boman, J. (2003) Black carbon and total carbon measurements at urban and rural sites in Kenya, East Africa. Atmospheric Environment, 37(8), 1149-1154.
			[https://doi.org/10.1016/S1352-2310(02)01001-4]
		
        

        
          	
            
              47. 
            
          
          	Gengchen, W., Jianhui, B., Qinxin, K., Emilenko, A. (2005) Black carbon particles in the urban atmosphere in Beijing. Advances in Atmospheric Sciences, 22(5), 640-646. https://ui.adsabs.harvard.edu/link_gateway/2005AdAtS..22..640W, /
			[https://doi.org/10.1007/BF02918707]
		
        

        
          	
            
              48. 
            
          
          	Gogoi, M.M., Babu, S.S., Moorthy, K.K., Manoj, M.R., Chaubey, J.P. (2013) Absorption characteristics of aerosols over the north western region of India: Distinct seasonal signatures of biomass burning aerosols and mineral dust. Atmospheric Environment, 73, 92-102.
			[https://doi.org/10.1016/j.atmosenv.2013.03.009]
		
        

        
          	
            
              49. 
            
          
          	Gogoi, M.M., Moorthy, K.K., Kompalli, S.K., Chaubey, J.P., Babu, S.S., Manoj, M.R., Nair, V.S., Prabhu, T.P. (2014) Physical and optical properties of aerosols in a free tropospheric environment: Results from long-term observations over western trans-Himalayas. Atmospheric Environment, 84, 262-274.
			[https://doi.org/10.1016/j.atmosenv.2013.11.029]
		
        

        
          	
            
              50. 
            
          
          	Gupta, P., Singh, S.P., Jangid, A., Kumar, R. (2017) Characterization of black carbon in the ambient air of Agra, India: Seasonal variation and meteorological influence. Advances in Atmospheric Sciences, 34(9), 1082-1094.
			[https://doi.org/10.1007/s00376-017-6234-z]
		
        

        
          	
            
              51. 
            
          
          	Gurjar, B.R., Butler, T.M., Lawrence, M.G., Lelieveld, J. (2008) Evaluation of emissions and air quality in megacities. Atmospheric Environment, 42(7), 1593-1606.
			[https://doi.org/10.1016/j.atmosenv.2007.10.048]
		
        

        
          	
            
              52. 
            
          
          	Hansen, A.D.A., Schnell, R.C. (2005) The aethalometer. Magee Scientific Company, Berkeley, California, USA, 7.
        

        
          	
            
              53. 
            
          
          	Harren, F.J., Cristescu, S.M. (2006) Photoacoustic spectroscopy in trace gas monitoring. Encyclopedia of Analytical Chemistry: Applications, Theory and Instrumentation, 1-29.
			[https://doi.org/10.1002/9780470027318.a0718.pub3]
		
        

        
          	
            
              54. 
            
          
          	Hitzenberger, R., Tohno, S. (2001) Comparison of black carbon (BC) aerosols in two urban areas - concentrations and size distributions. Atmospheric Environment, 35(12), 2153-2167.
			[https://doi.org/10.1016/S1352-2310(00)00480-5]
		
        

        
          	
            
              55. 
            
          
          	Hyvärinen, A.P., Lihavainen, H., Komppula, M., Sharma, V.P., Kerminen, V.M., Panwar, T.S., Viisanen, Y. (2009) Continuous measurements of optical properties of atmospheric aerosols in Mukteshwar, northern India. Journal of Geophysical Research: Atmospheres, 114(D8).
			[https://doi.org/10.1029/2008JD011489]
		
        

        
          	
            
              56. 
            
          
          	Hyvärinen, A.P., Lihavainen, H., Komppula, M., Panwar, T.S., Sharma, V.P., Hooda, R.K., Viisanen, Y. (2010) Aerosol measurements at the Gual Pahari EUCAARI station: preliminary results from in-situ measurements. Atmospheric Chemistry and Physics, 10(15), 7241-7252.
			[https://doi.org/10.5194/acp-10-7241-2010]
		
        

        
          	
            
              57. 
            
          
          	Janssen, N.A., Hoek, G., Simic-Lawson, M., Fischer, P., Van Bree, L., Ten Brink, H., Keuken, M., Atkinson, R.W., Anderson, H.R., Brunekreef, B., Cassee, F.R. (2011) Black carbon as an additional indicator of the adverse health effects of airborne particles compared with PM10 and PM2.5. Environmental Health Perspectives, 119(12), 1691-1699.
			[https://doi.org/10.1289/ehp.1003369]
		
        

        
          	
            
              58. 
            
          
          	Janssen, N.A., Nijland, M.E.G., Lanki, T., Salonen, R.O., Cassee, F., Hoek, G., Fischer, P., Brunekreef, B., Kryzanowski, M. (2012) Health Effects of Black Carbon, World Health Organisation, pp. 1-36.
        

        
          	
            
              59. 
            
          
          	Ji, D., Li, L., Pang, B., Xue, P., Wang, L., Wu, Y., Zhang, H., Wang, Y. (2017) Characterization of black carbon in an urban-rural fringe area of Beijing. Environmental Pollution, 223, 524-534.
			[https://doi.org/10.1016/j.envpol.2017.01.055]
		
        

        
          	
            
              60. 
            
          
          	Jose, S., Gharai, B., Rao, P.V.N. (2016) Cross-sectional view of atmospheric aerosols over an urban location in Central India. Aerosol and Air Quality Research, 17(3), 761-775.
			[https://doi.org/10.4209/aaqr.2016.04.0154]
		
        

        
          	
            
              61. 
            
          
          	Kamyotra, J., Saha, D., Tyagi, S.K., Sen, A.K., Srivastava, R.C., Pathak, A. (2011) Guidelines for the Measurement of Ambient Air Pollutants.
        

        
          	
            
              62. 
            
          
          	Karanasiou, A., Minguillón, M.C., Viana, M., Alastuey, A., Putaud, J.P., Maenhaut, W., Panteliadis, P., Močnik, G., Favez, O., Kuhlbusch, T.A. (2015) Thermal-optical analysis for the measurement of elemental carbon (EC) and organic carbon (OC) in ambient air a literature review. Atmospheric Measurement Techniques Discussions, 8(9), 9649-9712.
			[https://doi.org/10.5194/amtd-8-9649-2015]
		
        

        
          	
            
              63. 
            
          
          	Kirchstetter, T.W., Novakov, T. (2007) Controlled generation of black carbon particles from a diffusion flame and applications in evaluating black carbon measurement methods. Atmospheric Environment, 41(9), 1874-1888.
			[https://doi.org/10.1016/j.atmosenv.2006.10.067]
		
        

        
          	
            
              64. 
            
          
          	Klimont, Z., Kupiainen, K., Heyes, C., Purohit, P., Cofala, J., Rafaj, P., Borken-Kleefeld, J., Schöpp, W. (2017) Global anthropogenic emissions of particulate matter including black carbon. Atmospheric Chemistry and Physics, 17(14), 8681-8723.
			[https://doi.org/10.5194/acp-17-8681-2017]
		
        

        
          	
            
              65. 
            
          
          	Kolhe, A.R., Aher, G.R., Ralegankar, S.D., Safai, P.D. (2018) Investigation of aerosol black carbon over semi-urban and urban locations in south-western India. Atmospheric Pollution Research, 9(6), 1111-1130.
			[https://doi.org/10.1016/j.apr.2018.04.010]
		
        

        
          	
            
              66. 
            
          
          	Kondo, Y., Sahu, L., Kuwata, M., Miyazaki, Y., Takegawa, N., Moteki, N., Imaru, J., Han, S., Nakayama, T., Oanh, N.-K., Hu, M. (2009) Stabilization of the mass absorption cross section of black carbon for filter-based absorption photometry by the use of a heated inlet. Aerosol Science and Technology, 43(8), 741-756.
			[https://doi.org/10.1080/02786820902889879]
		
        

        
          	
            
              67. 
            
          
          	Kondo, Y., Sahu, L., Moteki, N., Khan, F., Takegawa, N., Liu, X., Koike, M., Miyakawa, T. (2011) Consistency and traceability of black carbon measurements made by laser-induced incandescence, thermal-optical transmittance, and filter-based photo-absorption techniques. Aerosol Science and Technology, 45(2), 295-312.
			[https://doi.org/10.1080/02786826.2010.533215]
		
        

        
          	
            
              68. 
            
          
          	Krämer, L., Bozoki, Z., Niessner, R. (2002) Characterisation of a mobile photoacoustic sensor for atmospheric black carbon monitoring. In Analytical Sciences/Supplements Proceedings of 11th International Conference of Photoacoustic and Photothermal Phenomena (s563-s566). The Japan Society for Analytical Chemistry.
        

        
          	
            
              69. 
            
          
          	Kumar, R.R., Soni, V.K., Jain, M.K. (2020) Evaluation of spatial and temporal heterogeneity of black carbon aerosol mass concentration over India using three-year measurements from IMD BC observation network. Science of The Total Environment, 723, 138060.
			[https://doi.org/10.1016/j.scitotenv.2020.138060]
		
        

        
          	
            
              70. 
            
          
          	Kuo, C.L. (2017) Assessments of Ali, Dome A, and Summit Camp for mm-wave observations using MERRA-2 reanalysis. The Astrophysical Journal, 848(1), 64. https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.3847%2F1538-4357%2Faa8b74&v=dc8369a9
			[https://doi.org/10.3847/1538-4357/aa8b74]
		
        

        
          	
            
              71. 
            
          
          	Laborde, M., Schnaiter, M., Linke, C., Saathoff, H., Naumann, K.H., Möhler, O., Berlenz, S., Wagner, U., Taylor, J.W., Liu, D., Flynn, M. (2012) Single Particle Soot Photometer intercomparison at the AIDA chamber. Atmospheric Measurement Techniques, 5(12), 3077-3097.
			[https://doi.org/10.5194/amt-5-3077-2012]
		
        

        
          	
            
              72. 
            
          
          	Lack, D.A., Lovejoy, E.R., Baynard, T., Pettersson, A., Ravishankara, A.R. (2006) Aerosol absorption measurement using photo-acoustic spectroscopy: Sensitivity, calibration, and uncertainty developments. Aerosol Science and Technology, 40(9), 697-708.
			[https://doi.org/10.1080/02786820600803917]
		
        

        
          	
            
              73. 
            
          
          	Lack, D.A., Cappa, C.D., Cross, E.S., Massoli, P., Ahern, A.T., Davidovits, P., Onasch, T.B. (2009) Absorption enhancement of coated absorbing aerosols: Validation of the photoacoustic technique for measuring the enhancement. Aerosol Science and Technology, 43(10), 1006-1012.
			[https://doi.org/10.1080/02786820903117932]
		
        

        
          	
            
              74. 
            
          
          	Lack, D.A., Moosmüller, H., McMeeking, G.R., Chakrabarty, R.K., Baumgardner, D. (2014) Characterizing elemental, equivalent black, and refractory black carbon aerosol particles: a review of techniques, their limitations and uncertainties. Analytical and Bioanalytical Chemistry, 406(1), 99-122.
			[https://doi.org/10.1007/s00216-013-7402-3]
		
        

        
          	
            
              75. 
            
          
          	Liu, Q., Ma, T., Olson, M.R., Liu, Y., Zhang, T., Wu, Y., Schauer, J.J. (2016) Temporal variations of black carbon during haze and non-haze days in Beijing. Scientific Reports, 6(1), 1-10.
			[https://doi.org/10.1038/srep33331]
		
        

        
          	
            
              76. 
            
          
          	Liu, Y., Yan, C., Zheng, M. (2018) Source apportionment of black carbon during winter in Beijing. Science of the Total Environment, 618, 531-541.
			[https://doi.org/10.1016/j.scitotenv.2017.11.053]
		
        

        
          	
            
              77. 
            
          
          	Lou, S., Mao, J., Wang, M. (2007) Observation of black carbon aerosol in Beijing, 2003. Frontiers of Environmental Science & Engineering in China, 1(3), 345-349.
			[https://doi.org/10.1007/s11783-007-0059-4]
		
        

        
          	
            
              78. 
            
          
          	Lu, Z., Zhang, Q., Streets, D.G. (2011) Sulfur dioxide and primary carbonaceous aerosol emissions in China and India, 1996-2010. Atmospheric Chemistry and Physics, 11(18), 9839-9864.
			[https://doi.org/10.5194/acp-11-9839-2011]
		
        

        
          	
            
              79. 
            
          
          	Lugon, L., Vigneron, J., Debert, C., Chrétien, O., Sartelet, K. (2020) Black carbon modelling in urban areas: investigating the influence of resuspension and non-exhaust emissions in streets using the Street-in-Grid (SinG) model. Geoscientific Model Development Discussions, 1-27.
			[https://doi.org/10.5194/gmd-2020-386]
		
        

        
          	
            
              80. 
            
          
          	Michelsen, H.A., Schulz, C., Smallwood, G.J., Will, S. (2015) Laser-induced incandescence: Particulate diagnostics for combustion, atmospheric, and industrial applications. Progress in Energy and Combustion Science, 51, 2-48.
			[https://doi.org/10.1016/j.pecs.2015.07.001]
		
        

        
          	
            
              81. 
            
          
          	MicroAeth AE51 Operating Manual Rev 06 Updated Jul 2016. pdf (available through aethlabs.com).
        

        
          	
            
              82. 
            
          
          	Miyazaki, Y., Kondo, Y., Sahu, L.K., Imaru, J., Fukushima, N., Kano, M. (2008) Performance of a newly designed continuous soot monitoring system (COSMOS). Journal of Environmental Monitoring, 10(10), 1195-1201.
			[https://doi.org/10.1039/b806957c]
		
        

        
          	
            
              83. 
            
          
          	Moloi, K., Chimidza, S., Lindgren, E.S., Viksna, A., Standzenieks, P. (2002) Black carbon, mass and elemental measurements of airborne particles in the village of Serowe, Botswana. Atmospheric Environment, 36(14), 2447-2457.
			[https://doi.org/10.1016/S1352-2310(02)00085-7]
		
        

        
          	
            
              84. 
            
          
          	Moosmüller, H., Arnott, W.P., Rogers, C.F., Chow, J.C., Frazier, C.A., Sherman, L.E., Dietrich, D.L. (1998) Photoacoustic and filter measurements related to aerosol light absorption during the Northern Front Range Air Quality Study (Colorado 1996/1997). Journal of Geophysical Research: Atmospheres, 103(D21), 28149-28157.
			[https://doi.org/10.1029/98JD02618]
		
        

        
          	
            
              85. 
            
          
          	Moosmüller, H., Chakrabarty, R.K., Arnott, W.P. (2009) Aerosol light absorption and its measurement: A review. Journal of Quantitative Spectroscopy and Radiative Transfer, 110(11), 844-878.
			[https://doi.org/10.1016/j.jqsrt.2009.02.035]
		
        

        
          	
            
              86. 
            
          
          	Navinya, C.D., Vinoj, V., Pandey, S.K. (2020) Evaluation of PM2.5 surface concentrations simulated by NASA’s MERRA Version 2 aerosol reanalysis over India and its relation to the air quality index. Aerosol and Air Quality Research, 20(6), 1329-1339.
			[https://doi.org/10.4209/aaqr.2019.12.0615]
		
        

        
          	
            
              87. 
            
          
          	Nordmann, S., Birmili, W., Weinhold, K., Müller, K., Spindler, G., Wiedensohler, A. (2013) Measurements of the mass absorption cross section of atmospheric soot particles using Raman spectroscopy. Journal of Geophysical Research: Atmospheres, 118(21), 12075-12085.
			[https://doi.org/10.1002/2013JD020021]
		
        

        
          	
            
              88. 
            
          
          	Ohata, S., Kondo, Y., Moteki, N., Mori, T., Yoshida, A., Sinha, P.R., Koike, M. (2019) Accuracy of black carbon measurements by a filter-based absorption photometer with a heated inlet. Aerosol Science and Technology, 53(9), 1079-1091.
			[https://doi.org/10.1080/02786826.2019.1627283]
		
        

        
          	
            
              89. 
            
          
          	Ohata, S., Mori, T., Kondo, Y., Sharma, S., Hyvärinen, A., Andrews, E., Tunved, P., Asmi, E., Backman, J., Servomaa, H., Veber, D. (2021) Estimates of mass absorption cross sections of black carbon for filter-based absorption photometers in the Arctic. Atmospheric Measurement Techniques Discussions, 1-46.
			[https://doi.org/10.5194/acp-2020-1190]
		
        

        
          	
            
              90. 
            
          
          	Onasch, T.B., Trimborn, A., Fortner, E.C., Jayne, J.T., Kok, G.L., Williams, L.R., Davidovits, P., Worsnop, D.R. (2012) Soot particle aerosol mass spectrometer: development, validation, and initial application. Aerosol Science and Technology, 46(7), 804-817.
			[https://doi.org/10.1080/02786826.2012.663948]
		
        

        
          	
            
              91. 
            
          
          	Paliwal, U., Sharma, M., Burkhart, J.F. (2016) Monthly and spatially resolved black carbon emission inventory of India: uncertainty analysis. Atmospheric Chemistry and Physics, 16(19), 12457-12476.
			[https://doi.org/10.5194/acp-16-12457-2016]
		
        

        
          	
            
              92. 
            
          
          	Pant, P., Habib, G., Marshall, J.D., Peltier, R.E. (2017) PM2.5 exposures in highly polluted cities: A case study from New Delhi, India. Environmental Research, 156, 167-174.
			[https://doi.org/10.1016/j.envres.2017.03.024]
		
        

        
          	
            
              93. 
            
          
          	Park, S.S., Hansen, A.D., Cho, S.Y. (2010) Measurement of real time black carbon for investigating spot loading effects of Aethalometer data. Atmospheric Environment, 44(11), 1449-1455.
			[https://doi.org/10.1016/j.atmosenv.2010.01.025]
		
        

        
          	
            
              94. 
            
          
          	Petzold, A., Kramer, H., Schönlinner, M. (2002) Continuous measurement of atmospheric black carbon using a multiangle absorption photometer. Environmental Science & Pollution Research, 9, 78-82.
        

        
          	
            
              95. 
            
          
          	Petzold, A., Schönlinner, M. (2004) Multi-angle absorption photometry - a new method for the measurement of aerosol light absorption and atmospheric black carbon. Journal of Aerosol Science, 35(4), 421-441.
			[https://doi.org/10.1016/j.jaerosci.2003.09.005]
		
        

        
          	
            
              96. 
            
          
          	Petzold, A., Ogren, J.A., Fiebig, M., Laj, P., Li, S.M., Baltensperger, U., Holzer-Popp, T., Kinne, S., Pappalardo, G., Sugimoto, N., Wehrli, C. (2013) Recommendations for reporting “black carbon” measurements. Atmospheric Chemistry and Physics, 13(16), 8365-8379.
			[https://doi.org/10.5194/acp-13-8365-2013]
		
        

        
          	
            
              97. 
            
          
          	Pfenninger, S., Staffell, I. (2016) Long-term patterns of European PV output using 30 years of validated hourly reanalysis and satellite data. Energy, 114, 1251-1265.
			[https://doi.org/10.1016/j.energy.2016.08.060]
		
        

        
          	
            
              98. 
            
          
          	Qin, W., Zhang, Y., Chen, J., Yu, Q., Cheng, S., Li, W., Liu, X., Tian, H. (2019) Variation, sources and historical trend of black carbon in Beijing, China based on ground observation and MERRA-2 reanalysis data. Environmental Pollution, 245, 853-863.
			[https://doi.org/10.1016/j.envpol.2018.11.063]
		
        

        
          	
            
              99. 
            
          
          	Raga, G.B., Kuylenstierna, J., Claxtone, R., Schindell, D., Foltescu, V., Cong, H., Parnell, N.B. (2018) Addressing Black Carbon Emission Inventories. Climate and Clean Air Coalition.
        

        
          	
            
              100. 
            
          
          	Ramachandran, S., Kedia, S. (2010) Black carbon aerosols over an urban region: Radiative forcing and climate impact. Journal of Geophysical Research: Atmospheres, 115(D10).
			[https://doi.org/10.1029/2009JD013560]
		
        

        
          	
            
              101. 
            
          
          	Ran, L., Deng, Z.Z., Wang, P.C., Xia, X.A. (2016) Black carbon and wavelength-dependent aerosol absorption in the North China Plain based on two-year aethalometer measurements. Atmospheric Environment, 142, 132-144.
			[https://doi.org/10.1016/j.atmosenv.2016.07.014]
		
        

        
          	
            
              102. 
            
          
          	Rana, A., Jia, S., Sarkar, S. (2019) Black carbon aerosol in India: A comprehensive review of current status and future prospects. Atmospheric Research, 218, 207-230.
			[https://doi.org/10.1016/j.atmosres.2018.12.002]
		
        

        
          	
            
              103. 
            
          
          	Reddy, B.S.K., Kumar, K.R., Balakrishnaiah, G., Gopal, K.R., Reddy, R.R., Reddy, L.S.S., Ahammed, Y.N., Narasimhulu, K., Moorthy, K.K., Babu, S.S. (2012) Potential source regions contributing to seasonal variations of black carbon aerosols over Anantapur in Southeast India. Aerosol and Air Quality Research, 12(3), 344-358.
			[https://doi.org/10.4209/aaqr.2011.10.0159]
		
        

        
          	
            
              104. 
            
          
          	Ren, X. (2020) From a comparative gesture to structured comparison: an analysis of air pollution control in Beijing and Delhi. Cambridge Journal of Regions, Economy and Society, 13(3), 461-473.
			[https://doi.org/10.1093/cjres/rsaa017]
		
        

        
          	
            
              105. 
            
          
          	Rohde, R.A., Muller, R.A. (2015) Air pollution in China: mapping of concentrations and sources. PloS One, 10(8), e0135749.
			[https://doi.org/10.1371/journal.pone.0135749]
		
        

        
          	
            
              106. 
            
          
          	Sandeep, P., Saradhi, I.V., Pandit, G.G. (2013) Seasonal variation of black carbon in fine particulate matter (PM2.5) at the tropical coastal city of Mumbai, India. Bulletin of Environmental Contamination and Toxicology, 91(5), 605-610.
			[https://doi.org/10.1007/s00128-013-1108-2]
		
        

        
          	
            
              107. 
            
          
          	Satheesh, S.K., Vinoj, V., Moorthy, K.K. (2011) Weekly periodicities of aerosol properties observed at an urban location in India. Atmospheric Research, 101(1-2), 307-313.
			[https://doi.org/10.1016/j.atmosres.2011.03.003]
		
        

        
          	
            
              108. 
            
          
          	Schleicher, N., Norra, S., Fricker, M., Kaminski, U., Chen, Y., Chai, F., Wang, S., Yu, Y., Cen, K. (2013) Spatio-temporal variations of black carbon concentrations in the Megacity Beijing. Environmental Pollution, 182, 392-401.
			[https://doi.org/10.1016/j.envpol.2013.07.042]
		
        

        
          	
            
              109. 
            
          
          	Schmid, H., Laskus, L., Abraham, H.J., Baltensperger, U., Lavanchy, V., Bizjak, M., Burba, P., Cachier, H., Crow, D., Chow, J., Gnauk, T. (2001) Results of the “carbon conference” international aerosol carbon round robin test stage I. Atmospheric Environment, 35(12), 2111-2121.
			[https://doi.org/10.1016/S1352-2310(00)00493-3]
		
        

        
          	
            
              110. 
            
          
          	Schmid, O.T.M.A.R., Artaxo, P.A.U.L.O., Arnott, W.P., Chand, D., Gatti, L.V., Frank, G.P., Hoffer, A., Schnaiter, M., Andreae, M.O. (2006) Spectral light absorption by ambient aerosols influenced by biomass burning in the Amazon Basin. I: Comparison and field calibration of absorption measurement techniques. Atmospheric Chemistry and Physics, 6(11), 3443-3462.
			[https://doi.org/10.5194/acp-6-3443-2006]
		
        

        
          	
            
              111. 
            
          
          	Schwarz, J.P., Gao, R.S., Fahey, D.W., Thomson, D.S., Watts, L.A., Wilson, J.C., Reeves, J.M., Darbeheshti, M., Baumgardner, D.G., Kok, G.L., Chung, S.H. (2006) Single-particle measurements of midlatitude black carbon and light-scattering aerosols from the boundary layer to the lower stratosphere. Journal of Geophysical Research: Atmospheres, 111(D16).
			[https://doi.org/10.1029/2006JD007076]
		
        

        
          	
            
              112. 
            
          
          	Schwarz, J.P., Spackman, J.R., Gao, R.S., Perring, A.E., Cross, E., Onasch, T.B., Ahern, A., Wrobel, W., Davidovits, P., Olfert, J., Dubey, M.K. (2010) The detection efficiency of the single particle soot photometer. Aerosol Science and Technology, 44(8), 612-628.
			[https://doi.org/10.1080/02786826.2010.481298]
		
        

        
          	
            
              113. 
            
          
          	Sedlacek, A.J. (2016) AethalometerTM Instrument Handbook (No. DOE/SC-ARM-TR-156). DOE Office of Science Atmospheric Radiation Measurement (ARM) Program (United States).
        

        
          	
            
              114. 
            
          
          	Shamjad, P.M., Tripathi, S.N., Thamban, N.M., Vreeland, H. (2016) Refractive index and absorption attribution of highly absorbing brown carbon aerosols from an urban Indian City-Kanpur. Scientific Reports, 6(1), 1-7.
			[https://doi.org/10.1038/srep37735]
		
        

        
          	
            
              115. 
            
          
          	Sharma, S., Leaitch, W.R., Huang, L., Veber, D., Kolonjari, F., Zhang, W., Hanna, S.J., Bertram, A.K., Ogren, J.A. (2017a) An evaluation of three methods for measuring black carbon in Alert, Canada. Atmospheric Chemistry and Physics, 17(24), 15225-15243.
			[https://doi.org/10.5194/acp-17-15225-2017]
		
        

        
          	
            
              116. 
            
          
          	Sharma, D., Srivastava, A.K., Ram, K., Singh, A., Singh, D. (2017b) Temporal variability in aerosol characteristics and its radiative properties over Patiala, north western part of India: Impact of agricultural biomass burning emissions. Environmental Pollution, 231, 1030-1041.
			[https://doi.org/10.1016/j.envpol.2017.08.052]
		
        

        
          	
            
              117. 
            
          
          	Sharma, M.C., Pandey, V.K., Kumar, R., Latief, S.U., Chakrawarthy, E., Acharya, P. (2018) Seasonal characteristics of black carbon aerosol mass concentrations and influence of meteorology, New Delhi (India). Urban Climate, 24, 968-981.
			[https://doi.org/10.1016/j.uclim.2017.12.002]
		
        

        
          	
            
              118. 
            
          
          	Shen, L., Li, L., Lü, S., Zhang, X., Liu, J., An, J., Zhang, G., Wu, B., Wang, F. (2015) Characteristics of black carbon aerosol in Jiaxing, China during autumn 2013. Particuology, 20, 10-15.
			[https://doi.org/10.1016/j.partic.2014.08.002]
		
        

        
          	
            
              119. 
            
          
          	Sheridan, P.J., Arnott, W.P., Ogren, J.A., Andrews, E., Atkinson, D.B., Covert, D.S., Moosmüller, H., Petzold, A., Schmid, B., Strawa, A.W., Varma, R. (2005) The Reno Aerosol Optics Study: An evaluation of aerosol absorption measurement methods. Aerosol Science and Technology, 39(1), 1-16.
			[https://doi.org/10.1080/027868290901891]
		
        

        
          	
            
              120. 
            
          
          	Sigrist, M.W. (2003) Trace gas monitoring by laser photoacoustic spectroscopy and related techniques (plenary). Review of Scientific Instruments, 74(1), 486-490.
			[https://doi.org/10.1063/1.1512697]
		
        

        
          	
            
              121. 
            
          
          	Singh, S., Soni, K., Bano, T., Tanwar, R.S., Nath, S., Arya, B.C. (2010) Clear-sky direct aerosol radiative forcing variations over mega-city Delhi. Annales Geophysicae, 28(5), 1157-1166.
			[https://doi.org/10.5194/angeo-28-1157-2010]
		
        

        
          	
            
              122. 
            
          
          	Singh, S., Fiddler, M.N., Bililign, S. (2016) Measurement of size-dependent single scattering albedo of fresh biomass burning aerosols using the extinction-minus-scattering technique with a combination of cavity ring-down spectroscopy and nephelometry. Atmospheric Chemistry and Physics, 16(21), 13491-13507.
			[https://doi.org/10.5194/acp-16-13491-2016]
		
        

        
          	
            
              123. 
            
          
          	Sitnov, S.A., Mokhov, I.I., Likhosherstova, A.A. (2020) Exploring large-scale blackcarbon air pollution over Northern Eurasia in summer 2016 using MERRA-2 reanalysis data. Atmospheric Research, 235, 104763.
			[https://doi.org/10.1016/j.atmosres.2019.104763]
		
        

        
          	
            
              124. 
            
          
          	Snelling, D.R., Smallwood, G.J., Liu, F., Gülder, Ö.L., Bachalo, W.D. (2005) A calibration-independent laser-induced incandescence technique for soot measurement by detecting absolute light intensity. Applied Optics, 44(31), 6773-6785.
			[https://doi.org/10.1364/AO.44.006773]
		
        

        
          	
            
              125. 
            
          
          	Song, S., Wu, Y., Xu, J., Ohara, T., Hasegawa, S., Li, J., Yang, L., Hao, J. (2013) Black carbon at a roadside site in Beijing: Temporal variations and relationships with carbon monoxide and particle number size distribution. Atmospheric Environment, 77, 213-221.
			[https://doi.org/10.1016/j.atmosenv.2013.04.055]
		
        

        
          	
            
              126. 
            
          
          	Springston, S.R. (2018) Particle Soot Absorption Photometer (PSAP) Instrument Handbook. DOE ARM Climate Research Facility: Washington, DC, USA.
			[https://doi.org/10.2172/1246162]
		
        

        
          	
            
              127. 
            
          
          	Sreekanth, V., Niranjan, K., Madhavan, B.L. (2007) Radiative forcing of black carbon over eastern India. Geophysical Research Letters, 34(17), L17818.
			[https://doi.org/10.1029/2007GL030377]
		
        

        
          	
            
              128. 
            
          
          	Srivastava, A.K., Bisht, D.S., Ram, K., Tiwari, S., Srivastava, M.K. (2014) Characterization of carbonaceous aerosols over Delhi in Ganga basin: seasonal variability and possible sources. Environmental Science and Pollution Research, 21(14), 861078619.
			[https://doi.org/10.1007/s11356-014-2660-y]
		
        

        
          	
            
              129. 
            
          
          	Srivastava, P., Dey, S., Srivastava, A.K., Singh, S., Tiwari, S. (2018) Most probable mixing state of aerosols in Delhi NCR, northern India. Atmospheric Research, 200, 88-96.
			[https://doi.org/10.1016/j.atmosres.2017.09.018]
		
        

        
          	
            
              130. 
            
          
          	Stephens, M., Turner, N., Sandberg, J. (2003) Particle identification by laser-induced incandescence in a solid-state laser cavity. Applied Optics, 42(19), 3726-3736.
			[https://doi.org/10.1364/AO.42.003726]
		
        

        
          	
            
              131. 
            
          
          	Surendran, D.E., Beig, G., Ghude, S.D., Panicker, A.S., Manoj, M.G., Chate, D., Ali, K. (2013) Radiative forcing of black carbon over Delhi. International Journal of Photoenergy, 2013, 313652.
			[https://doi.org/10.1155/2013/313652]
		
        

        
          	
            
              132. 
            
          
          	Talukdar, S., Jana, S., Maitra, A., Gogoi, M.M. (2015) Characteristics of black carbon concentration at a metropolitan city located near land-ocean boundary in Eastern India. Atmospheric Research, 153, 526-534.
			[https://doi.org/10.1016/j.atmosres.2014.10.014]
		
        

        
          	
            
              133. 
            
          
          	Tang, L., Niu, S., Yan, M., Li, X., Zhang, X., Zhu, Y., Shen, H., Xu, M., Tang, L. (2011) Observational study of black carbon in the North Suburb of Nanjing, China. In Advanced Air Pollution. IntechOpen.
			[https://doi.org/10.5772/17183]
		
        

        
          	
            
              134. 
            
          
          	Tiwari, S., Srivastava, A.K., Bisht, D.S., Bano, T., Singh, S., Behura, S., Srivastava, M.K., Chate, D.M., Padmanabhamurty, B. (2009) Black carbon and chemical characteristics of PM10 and PM2.5 at an urban site of North India. Journal of Atmospheric Chemistry, 62(3), 193-209.
			[https://doi.org/10.1007/s10874-010-9148-z]
		
        

        
          	
            
              135. 
            
          
          	Tiwari, S., Srivastava, A.K., Bisht, D.S., Parmita, P., Srivastava, M.K., Attri, S.D. (2013) Diurnal and seasonal variations of black carbon and PM2.5 over New Delhi, India: Influence of meteorology. Atmospheric Research, 125, 50-62.
			[https://doi.org/10.1016/j.atmosres.2013.01.011]
		
        

        
          	
            
              136. 
            
          
          	Tiwari, S., Bisht, D.S., Srivastava, A.K., Pipal, A.S., Taneja, A., Srivastava, M.K., Attri, S.D. (2014) Variability in atmospheric particulates and meteorological effects on their mass concentrations over Delhi, India. Atmospheric Research, 145, 45-56.
			[https://doi.org/10.1016/j.atmosres.2014.03.027]
		
        

        
          	
            
              137. 
            
          
          	Tiwari, S., Kumar, R., Tunved, P., Singh, S., Panicker, A.S. (2016a) Significant cooling effect on the surface due to soot particles over Brahmaputra River Valley region, India: An impact on regional climate. Science of the Total Environment, 562, 504-516.
			[https://doi.org/10.1016/j.scitotenv.2016.03.157]
		
        

        
          	
            
              138. 
            
          
          	Tiwari, S., Dumka, U.C., Hopke, P.K., Tunved, P., Srivastava, A.K., Bisht, D.S., Chakrabarty, R.K. (2016b) Atmospheric heating due to black carbon aerosol during the summer monsoon period over Ballia: A rural environment over Indo-Gangetic Plain. Atmospheric Research, 178, 393-400.
			[https://doi.org/10.1016/j.atmosres.2016.04.008]
		
        

        
          	
            
              139. 
            
          
          	Tumolva, L., Park, J.Y., Kim, J.S., Miller, A.L., Chow, J.C., Watson, J.G., Park, K. (2010) Morphological and elemental classification of freshly emitted soot particles and atmospheric ultrafine particles using the TEM/EDS. Aerosol Science and Technology, 44(3), 202-215.
			[https://doi.org/10.1080/02786820903518907]
		
        

        
          	
            
              140. 
            
          
          	Tyagi, S., Tiwari, S., Mishra, A., Singh, S., Hopke, P.K., Singh, S., Attri, S.D. (2017) Characteristics of absorbing aerosols during winter foggy period over the National Capital Region of Delhi: Impact of planetary boundary layer dynamics and solar radiation flux. Atmospheric Research, 188, 1-10.
			[https://doi.org/10.1016/j.atmosres.2017.01.001]
		
        

        
          	
            
              141. 
            
          
          	Tyagi, C., Gupta, N.C., Soni, V.K., Sarma, K. (2020) Seasonal variation of black carbon emissions in urban Delhi, India. Environmental Claims Journal, 32(2), 101-111.
			[https://doi.org/10.1080/10406026.2019.1699723]
		
        

        
          	
            
              142. 
            
          
          	Udayasoorian, C., Jayabalakrishnan, R.M., Suguna, A.R., Gogoi, M.M., Suresh Babu, S. (2014) Aerosol black carbon characteristics over a high-altitude Western Ghats location in Southern India. In Annales Geophysicae, 32(10), 1361-1371).
			[https://doi.org/10.5194/angeo-32-1361-2014]
		
        

        
          	
            
              143. 
            
          
          	Virkkula, A., Ahlquist, N.C., Covert, D.S., Arnott, W.P., Sheridan, P.J., Quinn, P.K., Coffman, D.J. (2005) Modification, calibration and a field test of an instrument for measuring light absorption by particles. Aerosol Science and Technology, 39(1), 68-83.
			[https://doi.org/10.1080/027868290901963]
		
        

        
          	
            
              144. 
            
          
          	Virkkula, A., Mäkelä, T., Hillamo, R., Yli-Tuomi, T., Hirsikko, A., Hämeri, K., Koponen, I.K. (2007) A simple procedure for correcting loading effects of aethalometer data. Journal of the Air & Waste Management Association, 57(10), 1214-1222.
			[https://doi.org/10.3155/1047-3289.57.10.1214]
		
        

        
          	
            
              145. 
            
          
          	Virkkula, A. (2010) Correction of the calibration of the 3-wavelength Particle Soot Absorption Photometer (3λ PSAP). Aerosol Science and Technology, 44(8), 706-712.
			[https://doi.org/10.1080/02786826.2010.482110]
		
        

        
          	
            
              146. 
            
          
          	Virkkula, A., Chi, X., Ding, A., Shen, Y., Nie, W., Qi, X., Zheng, L., Huang, X., Xie, Y., Wang, J., Petäjä., T. (2015) On the interpretation of the loading correction of the aethalometer. Atmospheric Measurement Techniques, 8(10), 4415-4427.
			[https://doi.org/10.5194/amt-8-4415-2015]
		
        

        
          	
            
              147. 
            
          
          	Wang, Y., Wang, X., Kondo, Y., Kajino, M., Munger, J.W., Hao, J. (2011) Black carbon and its correlation with trace gases at a rural site in Beijing: Top-down constraints from ambient measurements on bottom-up emissions. Journal of Geophysical Research: Atmospheres, 116(D24).
			[https://doi.org/10.1029/2011JD016575]
		
        

        
          	
            
              148. 
            
          
          	Wang, R., Tao, S., Wang, W., Liu, J., Shen, H., Shen, G., Wang, B., Liu, X., Li, W., Huang, Y., Zhang, Y. (2012) Black carbon emissions in China from 1949 to 2050. Environmental Science & Technology, 46(14), 7595-7603.
			[https://doi.org/10.1021/es3003684]
		
        

        
          	
            
              149. 
            
          
          	Wang, H., He, Q., Chen, Y., Kang, Y. (2014) Characterization of black carbon concentrations of haze with different intensities in Shanghai by a three-year field measurement. Atmospheric Environment, 99, 536-545.
			[https://doi.org/10.1016/j.atmosenv.2014.10.025]
		
        

        
          	
            
              150. 
            
          
          	Wang, H., An, J., Zhu, B., Shen, L., Duan, Q., Shi, Y. (2017a) Characteristics of carbonaceous aerosol in a typical industrial city - Nanjing in Yangtze River Delta, China: size distributions, seasonal variations, and sources. Atmosphere, 8(4), 73.
			[https://doi.org/10.3390/atmos8040073]
		
        

        
          	
            
              151. 
            
          
          	Wang, G., Yi, H., Hubert, P., Deguine, A., Petitprez, D., Maamary, R., Fertein, E., Rey, J.M., Sigrist, M.W., Chen, W. (2017b) Filter-free measurements of black carbon absorption using photoacoustic spectroscopy. International Society for Optics and Photonics, 10111, 1011136.
			[https://doi.org/10.1117/12.2251093]
		
        

        
          	
            
              152. 
            
          
          	Wang, Y., de Foy, B., Schauer, J.J., Olson, M.R., Zhang, Y., Li, Z., Zhang, Y. (2017c) Impacts of regional transport on black carbon in Huairou, Beijing, China. Environmental Pollution, 221, 75-84.
			[https://doi.org/10.1016/j.envpol.2016.11.006]
		
        

        
          	
            
              153. 
            
          
          	Wang, Q., Li, L., Zhou, J., Ye, J., Dai, W., Liu, H., Zhang, Y., Zhang, R., Tian, J., Chen, Y., Wu., Y. (2020) Measurement report: Source and mixing state of black carbon aerosol in the North China Plain: implications for radiative effect. Atmospheric Chemistry and Physics, 20(23), 15427-15442.
			[https://doi.org/10.5194/acp-20-15427-2020]
		
        

        
          	
            
              154. 
            
          
          	Weingartner, E., Saathoff, H., Schnaiter, M., Streit, N., Bitnar, B., Baltensperger, U. (2003) Absorption of light by soot particles: determination of the absorption coefficient by means of aethalometers. Journal of Aerosol Science, 34(10), 1445-1463.
			[https://doi.org/10.1016/S0021-8502(03)00359-8]
		
        

        
          	
            
              155. 
            
          
          	Wu, D., Mao, J., Deng, X., Tie, X., Zhang, Y., Zeng, L., Li, F., Tan, H., Bi, X., Huang, X., Chen, J. (2009) Black carbon aerosols and their radiative properties in the Pearl River Delta region. Science in China Series D: Earth Sciences, 52(8), 1152-1163.
			[https://doi.org/10.1007/s11430-009-0115-y]
		
        

        
          	
            
              156. 
            
          
          	Wu, D., Wu, C., Liao, B., Chen, H., Wu, M., Li, F., Tan, H., Deng, T., Li, H., Jiang, D., Yu, J.Z. (2013) Black carbon over the South China Sea and in various continental locations in South China. Atmospheric Chemistry and Physics, 13(24), 12257-12270.
			[https://doi.org/10.5194/acp-13-12257-2013]
		
        

        
          	
            
              157. 
            
          
          	Wu, Y., Zhang, R., Tian, P., Tao, J., Hsu, S.C., Yan, P., Wang, Q., Cao, J., Zhang, X., Xia, X. (2016) Effect of ambient humidity on the light absorption amplification of black carbon in Beijing during January 2013. Atmospheric Environment, 124, 217-223.
			[https://doi.org/10.1016/j.atmosenv.2015.04.041]
		
        

        
          	
            
              158. 
            
          
          	Xia, Y., Wu, Y., Huang, R.J., Xia, X., Tang, J., Wang, M., Li, J., Wang, C., Zhou, C., Zhang, R. (2020) Variation in black carbon concentration and aerosol optical properties in Beijing: Role of emission control and meteorological transport variability. Chemosphere, 254, 126849.
			[https://doi.org/10.1016/j.chemosphere.2020.126849]
		
        

        
          	
            
              159. 
            
          
          	Xiao, S., Yu, X., Zhu, B., Kumar, K.R., Li, M., Li, L. (2020) Characterization and source apportionment of black carbon aerosol in the Nanjing Jiangbei New Area based on two years of measurements from Aethalometer. Journal of Aerosol Science, 139, 105461.
			[https://doi.org/10.1016/j.jaerosci.2019.105461]
		
        

        
          	
            
              160. 
            
          
          	Xu, J., Zhang, Q., Chen, M., Ge, X., Ren, J., Qin, D. (2014) Chemical composition, sources, and processes of urban aerosols during summertime in northwest China: insights from high-resolution aerosol mass spectrometry. Atmospheric Chemistry and Physics, 14(23), 12593-12611.
			[https://doi.org/10.5194/acp-14-12593-2014]
		
        

        
          	
            
              161. 
            
          
          	Xu, X., Yang, X., Zhu, B., Tang, Z., Wu, H., Xie, L. (2020a) Characteristics of MERRA-2 black carbon variation in east China during 2000-2016. Atmospheric Environment, 222, 117140.
			[https://doi.org/10.1016/j.atmosenv.2019.117140]
		
        

        
          	
            
              162. 
            
          
          	Xu, L., Zhang, J., Sun, X., Xu, S., Shan, M., Yuan, Q., Liu, L., Du, Z., Liu, D., Xu, D., Song, C. (2020b) Variation in Concentration and Sources of Black Carbon in a Megacity of China During the COVID-19 Pandemic. Geophysical Research Letters, 47(23), 2020GL090444.
			[https://doi.org/10.1029/2020GL090444]
		
        

        
          	
            
              163. 
            
          
          	Xue, P., Ji, D.S., An, J.L., Cao, W., Fu, S.M., Wei, J., Li, Z.Q., Zhou, Y.X., Miao, C.Y., Wang, Y.S. (2018) Continuous observation of black carbon aerosol during winter in urban Beijing, China. Atmospheric and Oceanic Science Letters, 11(6), 491-498.
			[https://doi.org/10.1080/16742834.2018.1528136]
		
        

        
          	
            
              164. 
            
          
          	Yan, P., Tang, J., Huang, J., Mao, J.T., Zhou, X.J., Liu, Q., Wang, Z.F., Zhou, H.G. (2008) The measurement of aerosol optical properties at a rural site in Northern China. Atmospheric Chemistry and Physics, 8(8), 2229-2242.
			[https://doi.org/10.5194/acp-8-2229-2008]
		
        

        
          	
            
              165. 
            
          
          	Yu, L., Wang, G., Zhang, R., Zhang, L., Song, Y., Wu, B., Li, X., An, K., Chu, J. (2013) Characterization and source apportionment of PM2.5 in an urban environment in Beijing. Aerosol and Air Quality Research, 13(2), 574-583.
			[https://doi.org/10.4209/aaqr.2012.07.0192]
		
        

        
          	
            
              166. 
            
          
          	Zha, S., Cheng, T., Tao, J., Zhang, R., Chen, J., Zhang, Y., Leng, C., Zhang, D., Du, J. (2014) Characteristics and relevant remote sources of black carbon aerosol in Shanghai. Atmospheric Research, 135, 159-171.
			[https://doi.org/10.1016/j.atmosres.2013.09.002]
		
        

        
          	
            
              167. 
            
          
          	Zhang, X., Rao, R., Huang, Y., Mao, M., Berg, M.J., Sun, W. (2015) Black carbon aerosols in urban central China. Journal of Quantitative Spectroscopy and Radiative Transfer, 150, 3-11.
			[https://doi.org/10.1016/j.jqsrt.2014.03.006]
		
        

        
          	
            
              168. 
            
          
          	Zhang, X., Ming, J., Li, Z., Wang, F., Zhang, G. (2017) The online measured black carbon aerosol and source orientations in the Nam Co region, Tibet. Environmental Science and Pollution Research, 24(32), 25021-25033.
			[https://doi.org/10.1007/s11356-017-0165-1]
		
        

        
          	
            
              169. 
            
          
          	Zhang, L., Shen, F., Gao, J., Cui, S., Yue, H., Wang, J., Chen, M., Ge, X. (2020a) Characteristics and potential sources of black carbon particles in suburban Nanjing, China. Atmospheric Pollution Research, 11(5), 981-991.
			[https://doi.org/10.1016/j.apr.2020.02.011]
		
        

        
          	
            
              170. 
            
          
          	Zhang, X., Cheng, T., Guo, H., Bao, F., Shi, S., Wang, W., Zuo, X. (2020b) Study on the characteristics of black carbon during atmospheric pollution conditions in Beijing. Science of The Total Environment, 733, 139112.
			[https://doi.org/10.1016/j.scitotenv.2020.139112]
		
        

        
          	
            
              171. 
            
          
          	Zhao, S., Ming, J., Xiao, C., Sun, W., Qin, X. (2012) A preliminary study on measurements of black carbon in the atmosphere of northwest Qilian Shan. Journal of Environmental Sciences, 24(1), 152-159.
			[https://doi.org/10.1016/S1001-0742(11)60739-0]
		
        

        
          	
            
              172. 
            
          
          	Zhao, S., Tie, X., Cao, J., Li, N., Li, G., Zhang, Q., Zhu, C., Long, X., Li, J., Feng, T., Su, X. (2015) Seasonal variation and four-year trend of black carbon in the Mid-west China: The analysis of the ambient measurement and WRF-Chem modelling. Atmospheric Environment, 123, 430-439.
			[https://doi.org/10.1016/j.atmosenv.2015.05.008]
		
        

        
          	
            
              173. 
            
          
          	Zhou, X., Gao, J., Wang, T., Wu, W., Wang, W. (2009) Measurement of black carbon aerosols near two Chinese megacities and the implications for improving emission inventories. Atmospheric Environment, 43(25), 3918-3924.
			[https://doi.org/10.1016/j.atmosenv.2009.04.062]
		
        

        
          	
            
              174. 
            
          
          	Zhou, B., Wang, Q., Zhou, Q., Zhang, Z., Wang, G., Fang, N., Li, M., Cao, J. (2018) Seasonal characteristics of black carbon aerosol and its potential source regions in Baoji, China. Aerosol and Air Quality Research, 18(2), 397-406.
			[https://doi.org/10.4209/aaqr.2017.02.0070]
		
        

        
          	
            
              175. 
            
          
          	Zhuang, B.L., Wang, T.J., Liu, J., Li, S., Xie, M., Yang, X.Q., Fu, C.B., Sun, J.N., Yin, C.Q., Liao, J.B., Zhu, J.L. (2014) Continuous measurement of black carbon aerosol in urban Nanjing of Yangtze River Delta, China. Atmospheric Environment, 89, 415-424.
			[https://doi.org/10.1016/j.atmosenv.2014.02.052]
		
        

      

    

    

  OEBPS/images/big_15_3.jpg
ISSN 2287-1160 (Online)
ISSN 19766912 (Print)

FAtmospheric Environment

9 | 2021

Volume 15 Number 3

Asian Association for
‘Atmospheric Environment





OEBPS/images/data/ajae/30063/AJAE_2021_v15n3_1_f004.jpg
Dumka et al, 2019

Agra (U)
May 201
05
279

Gupta et al, 2017

4.+ April 2015

T (O] T (O) TN (U] O ) Wot Mentioned | JNU (U)
2011 Sept 2010-Aug 2012 | Winter 2014-2015 | Dec 2015 - Feb 2016 | 20162017 Sept-Dec2015 AprkSeptz016
1 7 193 204 2n 152,643
- 2 339 556 562 35 i
‘B [Towar ot al, 2013| Towari ot ol 2014 | Pant ot sl 2017 | oumka ot a1, 2018 | Tyl ot a 2019 | gharma e, 2018
D ™o T stations (U) | 1T (08 LN (U) | WP ) o o) 1)
9l Dec 2013 Fab 2014 Summr 2018 [Dec 2015 Feb 2010 [ 2016-2018 | am 2011 My 2012
Q| 80 seases (244 1357 70
347 55 178 562 355 349
Bisht ot i, 2015 | Tyagi etal, 2017 | Pantetal, 2017 | Bishtetal, 2018 | Kumar et al 2020 Srvastav et al., 2014
Srinagar (U)
— © Measurement site
60 Color Scale (88C)
0.8 3
Bhatt ot al, 2017 uo-1pgm
Hanle (Re) s
Aug 2009 - July 2012
007 "3
008
Gogol et al, 2014 "3a
Panchgaon (R [FeDescrpion |
Aprl 2015 - May 2016 Measurement Period
72 [Reported E8C (ug m )
204 | merra2 ssc (wg m )

Reference Stud)

(Guwahati (U)
July 2013 - June 2014
747

1.78

Tiwarl ot al, 20168

Ahmednagar(5U)
Dec 2015- Dec 2016

138

2.7

Kolhe et al. 2018

Hydorabad U) | [Goty (re)

20102014 Aprl 2010 - May 2012
9 081

[147 1"

Jose et al. 2017 || ydayasoorian ot al., 2014

Kadapa (R)
Sept 2011 - Nov 2012,
22

147

Begam et al, 2016

Chennal (CU) [Baiiya ) Kolkata (U)

March 2011 - Aug 2012|| June - Aug 2014 ([ June 2012 - May 2013]
788 43 527

o097 197 3.67

Aruna etal, 2013 (| Tiwari ot al, 2016 | Talukdar ot al, 2015






OEBPS/images/data/ajae/30063/AJAE_2021_v15n3_1_f006.jpg
B
3

® EBc
10 ® ssc

a
; I‘
0

EBC,SBC Level (ug m?)
@

Spring Summer Autumn Winter
(Mar-May) (June-Aug) (Sept-Nov)  (Jan,Feb,Dec)
(b)
25 ® EBC
" ssc
7 20
E
2
E 15
[
a3
o 10
@
o
g s
i s I
oL I [

Spring ‘Summer Autumn Winter
(Mar-May)  (June-Aug)  (SeptNov) (Jan,Feb,Dec)





OEBPS/images/data/ajae/30063/AJAE_2021_v15n3_1_f002.jpg
Indo-Gangentic Plane (IGP)| [Sichuan Basin(sB)| [Norhthern China Plane (NCP)

100°E 110°E 120°E 130°E 140°E






OEBPS/images/_common/images/crossref.gif





OEBPS/images/data/ajae/30063/AJAE_2021_v15n3_1_f005.jpg
(a) 20
T T

P e e
e 18]
-
3
E 10
2

L
&

o A 2o N
e T T T T T T T T
e T TP T S 0
Yoar
(b) 25
e

_ 0]
E
2 ash
E 10
Qo
g
. 5

oo e o W ]

.

2006 2008 2010 2012 2014 2016 2018 2020
Year





OEBPS/images/_common/images/orcid.gif





OEBPS/images/data/ajae/30063/AJAE_2021_v15n3_1_f003.jpg
BAST (U) Huairou (U) Posking University (U)

20112014 Nov 2014 - Jan 2015 | Dec 2015 - Fab 2016
a7 531
892 852
Jiotal, 2017 | Wangetal,2017c | Liuetal,2017
= AP (U)
Baoji (U) 20182017

2015
29 .
319 2020 [Qinetal, 2010
Zhou et al, 2017

NamCo (Re)
20112014
0.07

013

Zhang ot at, 2017

Chen et al, 2018

e

AIO(SU)
Dec 2017-Jan 2018
3.

Xianghe

stal, 2020

‘Nanjing University (U)] Nanjing University (U) | Wanjing UNiversity (U)
2012 20152016 Dec 2017- Nov 2018
415 22 27

aas 3

2014 | Xiaoetal, 2019 Zhang et al., 20208






OEBPS/images/data/ajae/30063/AJAE_2021_v15n3_1_f001.jpg
Measurement
Techniques

Evolved Carbon
(Elemental Carbon)

Fiterazed

. e [ Po—— Single Particle
B womremert [ s o [l oot Proomete





