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(BVOCs)ῒҍ ֲҹ ᵬ ֟

ԋ (SOA) Ҭ ̆

ẫ ֟ Ȃ ҉ ңҩ

̆ ԅῖ ҍֲҹ

῍ ᵬ Ҋ BVOCsҍ SOA └ ̆ ԅԋ

֜ Ȃ ̆ ῃ № ԅ

ֲҹ ҍBVOCs SOAῃ ҉ Ȃ 

̆BVOCsѿ ⌠ ṿ 5.68-6.30 ɛg/m3 ̆

ῒҬ ԋ BVOCsȂ BVOCsҍSOA

⅞№ҹ 4ҩ ↓̆ Ҋ ↓ΐ ֜ ̆

֜ Ȃ ֜ ԅ Ҍ ΐ Ҍ ῏ ῏ ̆ ̆

BVOCsSOA ӊѿ̆ғҍ O3 ῏ Ȃ ⌠ ̆

BVOCsҍ O3 ῏ ̆ғ SOA ᵬ ̆BVOCsҍ O3

ӊ ῏ ̆ғSOA Ȃ 

ӟ№ ֜ № ̆

BVOCs SOA ⌠ ̆ ױ ӊҹľ └

ĿȂ ҬO3ȁNOx SO2 ֲҹ ’Ҋ̆ ֓

ⱴԅSOA ȂῒҬO3 SOA

̆ ғҍNOx ᵬ SOA ⱴȂ № ̆

ᵣ҉ 1 ɛg/m3 BVOCs 0.144-0.585 ɛg/m3 SOA ̆ᵖ O3, NOx

SO2 ֲҹ ῍ ’Ҋ̆ ⱴ0.072-0.491 ɛg/m3 SOA

Ȃ BVOCsᴪ֟ SOĂᵖ

ץ SOA ̆ᶏ BVOCs SOA ΐ

Ȃ 

҉̆ ԅ CAMS ӟ ̆

ᵀԅῃ BVOCsҍֲҹ ̆ қ֒ ֒ȁ

ḇ Ҭ ȁ қ ȁ ץ Ҭ 0-60 ῤ̆

ԍ BVOCsҍֲҹ ῍ ᵬ ̆ ԅ SOA ̆

SOA 1.2 ɛg/m3ȂSOA ҍSOA № ѿ

Ȃῃ SOA ѿ ̆ ᴪ SOA
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0.05 ɛg/m3Ȃ⁞ ֲҹ ⁞ SOA ̆ ⁞ ⌠ 90 %̆

ῃ SOA ⁞ɛg/m3 0.46׆ 75 %̆ 0.09 ɛg/m3Ȃ

̆ └ֲҹ ⁞ ᵣ └ ῏ Ȃ 

ԅ ᴆҊ̆

ᵬ ̆ҹῃ ȁ Ⱶ ᶫ

ᶭ ̆ΐ ᴪ Ȃ ץ ⌠ῃ ̆ҹ

ῃ ᶫ ᶭ Ȃ 

 

῏ ̔ ̆ԋ ̆ ̆ ̆

ӟ̆ῃ ̆  
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ABSTRACT 

Biogenic volatile organic compounds (BVOCs) emitted by urban vegetation, 

interacting with anthropogenic pollutants to form secondary organic aerosols (SOA), 

are significant urban atmospheric pollutants impacting air quality and public health. 

This study conducted high-frequency observations at two urban forest sites in Shanghai, 

China, from August 2022 to July 2023, developed a model to investigate the synergistic 

release of BVOCs and SOA under the combined influence of meteorological factors 

and anthropogenic pollutants, and analyzed their temporal patterns and sequence effects. 

Global atmospheric forecast data was used to assess the co-impact of urban forest-

derived pollutants and BVOCs on SOA formation at a global scale. 

Field measurements indicated that BVOCs peaked during summer, particularly 

isoprene, which was the most prominent emitter. The study segmented BVOC and SOA 

changes into four subsequences, revealing the phenomenon of temporal alternation 

effects where different time periods showed varied relationships between pollutants. 

During the day, BVOCs significantly source SOA and negatively interact with ozone 

(O3). At night and early morning, BVOCs maintain a positive equilibrium with O3, with 

SOA influenced by wind or deposition, unaffected by O3, and modified by temperature 

or humidity. 

Through double machine learning, the study isolated confounding factors 

introduced by temporal alternation effects, finding that BVOCs' contribution to SOA 

production is modulated by environmental factors termed "restrictive effects." In urban 

atmospheric environments, the presence of O3, nitrogen oxides (NOx), and sulfur 

dioxide (SO2) enhances SOA production, with O3 showing the most significant impact 

and synergy with NOx boosting SOA generation. Empirical analysis demonstrated that 

typically, each 1ɛg/mį of urban BVOCs contributes 0.144-0.585ɛg/mį to SOA, 

potentially increasing by an additional 0.072-0.491ɛg/mį in the presence of these 

pollutants. However, long-term, urban forests exhibit negative feedback mechanisms 

that stabilize SOA pollution, ensuring the long-term stability of SOA formation from 

urban BVOCs. 

Using CAMS atmospheric forecast data and double machine learning, the study 

evaluated the synergistic pollution effects of urban forest-emitted BVOCs with 

anthropogenic pollutants across regions like East and South Asia, central and western 
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Russia, northeastern North America, northern South America, and central Africa within 

the 0-60 degrees latitude zone, finding significant SOA pollution effects with the 

highest exceeding 1.2ɛg/mį. SOA production effects correspond closely with SOA 

concentration distributions. Global warming impacts SOA release, with continuous 

high emissions increasing SOA production effects by 0.05ɛg/mį. Reducing 

anthropogenic pollutants significantly weakens SOA production effects; a 90 % 

reduction would decrease the global average SOA effect from 0.46ɛg/mį by over 75 % 

to 0.09ɛg/mį. Therefore, controlling anthropogenic pollutants and mitigating 

greenhouse gas emissions are crucial for managing particulate pollution. 

The findings elucidate the regulatory and feedback roles of forest communities in 

complex urban atmospheres, providing scientific bases for clarifying the environmental 

effects of urban forests and enhancing ecosystem services. These results have 

significant environmental and social benefits and are applicable globally, offering 

scientific foundations for strategies addressing global change. 

 

Keywords: Biogenic Volatile Organic Compounds, Secondary Organic Aerosols, 

Urban Forests, Causal Inference, Double Machine Learning, Global Scale Simulation, 

High-Frequency Monitoring 
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҅   

1.1  

ԋ ̂Secondary organic aerosol, SOÃ Ҭ

̆ ȁ Ṝ ֲ ẫ ֟ ̆SOA

╠ῃ ҳ Һ ӊѿȂ ҬSOA PM1(Particulate Matter 

up to 1 micrometer in diameter)PM2.5(Particulate Matter up to 2.5 micrometer 

in diameter)Һ №̆ ꜚ ̆҉ץ% 90⌠

₃Ӎ ԍPM1 Ȃҕ  (World Health Organization, WHO) ᵀ

̆  700 ֲ҆ ֙ ̆ ῒҬPM1 SOA

̆ Ṝ Ҍ ȁ ֲ ẫ Ҍ≠

ץ Ҋ ȂSOAᵬҹѿ ̆

̆ Ԑ ̆ Ṝ ȂSOA ῀

ⱴֲᵣ ̆ ȁ Ҋ ȁ

ȁ ȁ ȁ ̆ ֙ Ȃ SOA

└ȁ ԍ└ ῒ

῏ Ȃ ῀̆ SOA Ҍ ₮ῒ

Ҭ ᵬ Ȃ 

Ҭ ῏ №̆ ̆ῒ

PM1ȁPM2.5 PM10 20 %90 %[13]̆ Ẓ ̆ ѿ ᶛ

ҹ30 %50 %[14ï16]Ȃ Ҭ̆ԋ ̂Secondary organic 

aerosol, SOÃ Ҭ VOCsᾣ ̆ҍ ֲ ꜚ

∆ ̂Primary organic aerosol, POÃҌ ȂPOAץ

ȁ ȁ ῾ҙ ֟ ̆ SOA

̆ ֓ ╠ᵣ ҹᵞ ׆̆ Ҭ

[13,17]ȂҍPOA ̆SOA Ҭ ̆ ⱬ

̆ ғ ᾣ Ҭ ῏ ᵬ Ȃ ѿ O/C

Ҋ̆POAҍ SOA Ҍ ̆  1-1Ȃ ’Ҋ̆

O/C ̆ ҹ ү BVOCs ԋ ̆

֓ ᾣ ԋ ᶛ Ȃ

̆ Ҭ O/C 0.6⌠0.8ӊ ̆ᵖ ҩṿ ᴪ ᵝ
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ȁ ȁ ץ ᴆ Ҍ [18]Ȃ

ҬPM1ȁPM2.5 PM10 SOAҹҺץ [13]Ȃ 

 

 1-1 POAҍSOA ҹ  

Figure 1-1 Phase Behavior of POA and SOA 

̂Biogenic Volatile Organic Compounds, BVOCs̃̆

֞ ᵬ ̂Pythonciderẽ̆ ף Ҭ̆ῒ ȁ

ȁ ȁ ѿ Ȃῒ ѿ

⌠ Ҭ ̆ ֓ ѿ ↓

 ̆ ԋ ȁ ȁṐ ȁ ȁ ץ ȁ ȁ [20]

Ȃ ֓ Һ ԋ ̆ ȁṐ

̆ῒҬ ԋ ȁ Ṑ ҹ [21]Ȃҹ

≢ֲҹ VOCs VOCs̆ ῤ ῒ ᵬ

VOCs
[22]Ȃ  1-2Ҭ ԅҌ VOCs ≢[23,24]ȂBVOCs ẫ

̆ ῒ ῒҺ № ԋ ȁ Ṑ

҉ ₮[25]ȂҬ ȁ Ṝ ᴆ

ԅү ̆ᶏ BVOCs№ ȁ Ȃ  
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 1-2 Ҍ VOCsӊ ῏  

Figure 1-2 The relationship between different types of VOCs 

BVOCs ҉ ѿ ̂Essential Oils̆EOs̃̆ῒ №ҹ

֪ ᵣ[26]Ȃ ֓ ҹ ᵣ̆ ԍ

Ә ȁӘ Ҭ̆ᵖҌ ԍ ̆ғΐ ȂEOs 100

ᵣ ̆ ȁ Ҙ ץ ȂEO № ̆

Ҍ Ҙ ȁ ȁ҈ ȁ Ṑ ̆ ȁ

ȁ ȁ ȁ ȁ [20]Ȃ 

BVOCs Ҭ ̆ Ӟ ԅ Ȃ

ֲ ῒ ῏ ̆

ҍҕ ̆ ⌠ ֟ ֲҹ Ȃ ̆

ֲҹ BVOCs SOA ̆ ғ Ḇ ᵬ Ȃ

BVOCs Ҭҍֲҹ ╕̂ OH ȁO3 ȁNOx SO2̃

̆ ѿ ↓ ֟ Ȃ ֟ ץ ҍ ѿ ᾣ ̆

ҍץ ȁ ֟ SOA

№ Ȃ 

̆ԅ BVOCs ץ PM1ҹ SOA └

ֲᵣẫ ῏ ȂBVOCs ѿ ̆

ץ ⌠ ̂ ȁᾣ №̃ Ȃ ԍ ҍ

֜ ᴰ ̆ῒ ᴆ ᾣ

ȂBVOCs ̆ BVOCs ⌠

ֲҹ ȁ ȁ Ȃ ԍѿ
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̆SOA ⌠ ȁⱳ ȁ ȁᾣ ᴆȁ

Ȃ 

BVOCs SOA ᴆ ̆ ᴆ ῒ ̆ 

BVOCsSOA ⌠ └̆ ѿ ┴ ѿ ῤ

BVOCs Ҍѿ SOA Ȃ ̆ץ

№ ̆ԅ Ҋ SOA ҍ BVOCs ҉

ῒΐᵣ └ └ Ȃ 

1.2 BVOCs  

1.2.1 BVOCs ⅎ ᵣ 

BVOCsҬ̆ Ә Ә ΐ

[36]ȂEOҬ C5 ᾝ ԅ ̆ ױ Ә ῏ №̆

‗ ᵬ ̆ Ӟ ῾ҙȁ└ ȁ ҙҬ ῏

№Ȃ ̆ᶛ ȁ ȁ ȁ Ȃ

Ṑ ↕ 15ҩ ̆ ̆ ȁ ̆ΐ

ȁ ȁ Ȃ Ә ⌠ᴧ

̆ ȁ ᴰ ȁ ȁ ᴆȁ

ȁ ֟ Ữ ᴆ [37ï39]Ȃ Ә Ҭ № ̆ ȁ ȁ

יּ ȁ ȁD- ȁŬ- ȁŬ-ʊ ȁɓ-ʊ ȁ ȁŬ-

ȁ ̆ ֓ № ῒ Ȃ EO №

ῒ  1-1[22]Ȃ 

ף1-1  BVOCs ̆  PubChem  

Table 1-1 The structure of representative volatile terpenes has been compiled from the 

PubChem database 

  2D  3D  

 
 

Pubchem ID 638011  
 

 
 

Pubchem ID 31253  
 

 
יּ  

Pubchem ID 5281553   
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 1-1 

  2D  3D  

 
 

Pubchem ID 1254 
  

 
D-  

Pubchem ID 440917  
 

 
Ŭ-  

Pubchem ID 6654 

  

 
Ŭ-  

Pubchem ID 261491 

  

 
ɓ-  

Pubchem ID 91456 

 
 

 
 

Pubchem ID 445070  
 

 
 

Pubchem ID 5284507 
 

 

 
Ŭ-  

Pubchem ID 10586 
  

 
 

Pubchem ID 5281520 

  

 
 

Pubchem ID 1268142 
 

 

 
 

Pubchem ID 10719 

  

҈  
 

Pubhem ID 442402 
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  2D  3D  

҈  
 

Pubhem ID 10955174 

  

 

ῒҬ̆ ԋ ̂Isoprenẽ ѿ ԓ ̆

Ҭ ῏ Ҭ ᵣ̆ ῒז Ȃ

ԋ ᵝ ̆ᶛ ̆ ̂ ̃ ңҩ ԋ ᵝ ̆

Ṑ ̂ ̃ ҈ҩ ԋ ᵝ Ȃ ̆

ԋ ץ ҹ ̆ ֓ Ҭ ⱳ ̆ ȁ

ᴰ ҍῒז ֜ԑȂ ץ ԋ ץ Ҭ

[40,41]ȂBVOCsҬ ᵣ̆ ȁҀ Ӟΐ ҍ ԋ ᵌ Ȃ 

1.2.2 BVOCs ┼ 

BVOCŝ ̃ ̆ Ӟᴪ ̆

ԅ [42]Ȃ ֲ BVOCs Ҍ

̆ ╠ [43]ȁ ▼ ץ[44] Ḇ

[45]Ȃ 

̆῏ԍ ԋ ң Һ BVOCs№

̆ῒ ֞ № [46]Ȃ ԍ ԋ

ῒ └ ԅ ῀ ̆ ᵣῤ ҈ Һ

̔1̃ ԋ ̆Һ ԍ ̕2̃

̆Һ ԍ № ̕3̃ ̆Һ ԍ

Ȃ ԋ Һ ῤ ̆

ңҩӘ CoA№ ҹ ԋ CoĂ

ԋ Ȃ ѿ ԋ Ȃ 

₮̆ BVOCsꜛ ԍ ̆

ⱬ [47,48]Ȃ ֓ ΐ ̆

҉ Ȃ ̆ ԋ ⱬȂ

ⱬ ̆ ᴪ ⱴBVOCs ⁞ץ̆ ᴴ Ȃ ̆

ѿ֓ ̆ Ȃ ̆

 1-1 



҉ ֜ ᵝ                                                                                                  ѿ   

7 

 

̆ BVOCs ꜛԍ ῃ Ṝ ῃ Ȃ 

1.2.3 BVOCs  

1) BVOCs  

ԍ BVOCŝ ̃ ҍ ꜚ ῏̆

Ҍ ץ Ҍ ᴆҊ ԅ BVOCs

№ ȂҌ BVOCs№Ҍ Ȃ ֤ ₃

Һ BVOCs№ ԅ ̆  1-2 ԅ ֓

BVOCs ῒ ̆ῒҬץ ҹҺ[49,50]Ȃ 

 1-2 Ҍ  

Table 1-2 The content of BVOCs in different tree species 

№  № 

№ /(E3Ŀhʛ1Ŀgʛ1) 

 
 

   
 

 

҈  37.40 139.48 349.61 ĺ ĺ ĺ 

Ŭ-  343.00 341.02 353.94 311.17 71.26 17.16 

ɓ-  599.51 476.56 503.94 205.19 188.08 319.27 

ᶷ  ĺ ĺ 484.25 ĺ ĺ ĺ 

 589.68 406.25 198.43 217.43 22.05 32.20 

 36.76 35.04 ĺ ĺ ĺ ĺ 

 ĺ ĺ 351.08 ĺ ĺ ĺ 

 ĺ 101.76 ĺ ĺ ĺ ĺ 

 594.59 500.00 503.94 257.14 430.64 29.72 

Ŭ-  16.70 4.92 98.00 ĺ ĺ ĺ 

ɔ-  157.74 84.38 355.51 ĺ ĺ ĺ 

- -

1,4(8)ԋ  
29.73 213.38 154.72 ĺ ĺ ĺ 

יּ  438.33 ĺ ĺ 303.90 290.07 31.74 

Ṑ  

 62.00 ĺ ĺ ĺ ĺ ĺ 

 204.42 ĺ 72.44 ĺ ĺ ĺ 

Ŭ-Ҁ  196.56 332.42 53.94 ĺ ĺ ĺ 

ɓ-Ҁ  15.28 34.69 21.89 ĺ ĺ ĺ 

 ĺ 167.19 ĺ ĺ ĺ ĺ 

 11.45 23.55 10.59 44.28 340.40 18.53 

 42.11 7.10 4.53 ĺ ĺ ĺ 

ῒז 

Ә -3-

 
ĺ ĺ ĺ 898.70 754.97 679.82 

ԋ  ĺ ĺ ĺ 2,368.83 ĺ 17.34 
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ҍ ץ[51] ֲ[52] ̆ ᶷ ȁԐ ȁ

̂BVOCs̃Ҭ̆

ҹ ₮Ȃᶷ Һ Ŭ- ȁ4(10)- D- ̕Ԑ

Һ Ŭ- ȁɓ- ȁ D- ̕ ץ↕ Ŭ- ȁɓ- 3-

Ә ҹҺ̕ Һ BVOCs№ Ŭ- ȁɓ- ȁ ȁ

Ҁ Ҁ Ȃҍ ̆ BVOCsҬ̆ ԋ

̆ ↕ ᵞȂΐᵣ ̆ Һ

ɓ- יּ ̆ ץ↕ ɓ- ҹҺ̆  1-3Ȃ 

 1-3 Ҍ № 

Table 1-3 The components of BVOCs in different tree species 

 Һ №  ῒז 

ᶷ  
Ŭ- ȁ4(10)-

ȁD-  

҈ ȁ2- ȁŬ-

ȁ ȁ4(10)-

ȁ ȁŬ- ȁ

3- ȁ D- ȁɔ-

ȁ  

-1-Ә -2- ȁ1,3,5-҈

ȁӘ ȁ1,3-ԋ ȁ

-4-ʊ ȁ - Ҙ ȁ1,3-

ԋӘ ȁ1,4-ԋӘ ȁ ȁ

ȁ ȁ - Ҙ -7-

ȁ3,4-ԋ ȁӘ ȁ3-Ә

Ә ȁ9- ҂  

Ԑ  

Ŭ- ȁɓ-

ȁ ȁ 

D-  

҈ ȁ2- ȁŬ-

ȁ ȁɓ- ȁD-

ȁ  

ȁӘ ȁ8,11- ῇԋ

ȁ Ә ȁ(Z)-9- ῇ  

ȁ -4-ʊ ȁ1,3-ԋӘ

ȁ1,4-ԋӘ ȁ ȁ -

Ҙ -7- ȁ3,4-ԋ Ә ȁ3-

Ә Ә  

 

Ŭ- ȁɓ-

ȁ3-Ә Ә

 

҈ ȁŬ- ȁ2,6,6-҈

-  [3,1,1]-2- ȁ

ȁɓ- ȁ ȁ

D- ȁɔ- ȁ

ȁŬ- ῌ  

-1,2- ԋ ȁӘ ȁ8,11- ῇ

ԋ ȁ1,2,4-҈ ȁ

1,3-ԋ ȁ9- Έ ȁ4-Ә

ȁ6-Ә -3- ȁ(Z)-9- ῇ

ȁ1,3-ԋӘ ȁ1,4-ԋ

Ә ȁ2,5- 

ῇԋ ȁŬ- ȁ

ȁ ȁ(ʛ)-4-  

ȁ ȁ ȁ2- -10-

ȁ - Ҙ -7- ȁ 

3,4-ԋ Ә ȁ3-Ә Ә ȁ

Ә ȁ8- ҂ ȁ 

3,5-ԋ Ә ȁ2,4,6-҈

ȁ2,6,10,15- ҂  
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 Һ №  ῒז 

 

Ŭ- ȁɓ- 

ȁ ȁ

Ҁ ȁ Ҁ  

ȁ2- ȁ҈

ȁŬ-  ȁŬ- ȁ

ȁ ȁɓ-  

ȁŬ- ȁ3- ȁ

Ŭ- ȁᴮ ȁ

ȁɔ- ȁŬ-

ȁŬ- ȁ

ȁ ȁ ȁ

-Ŭ-  

ȁ  

Ҁ ȁ Ҁ ȁ ȁ ȁ

ȁ ȁ ѿ ȁ

ԋ ȁ ҈ ȁ ԓ ȁ Έ

ȁ ҂ ȁ ԋ ȁ1-Ҁ ȁ

2- -2-Ҁ ȁ ԋ  

 ԋ  

Ŭ-ʊ ȁŬ- ȁᴮ

ȁ  ɓ- ȁɓ-

ȁŬ- ȁ  Ŭ-

ȁ ȁɔ-

ȁ Ŭ- ȁ -ɓ-

יּ ȁ - ɓ ּי ȁ

ȁ ȁ≢

ȁɓ- ⇔ ȁɔ-

ȁŭ-  

 

Ҁ ȁ Ҁ ȁ ȁ ȁ

ȁ ȁ ȁ 2-

ȁ3- ȁ ȁ ѿ

ȁ ԋ ȁ ԓ ȁ Έ

ȁ1-Ҁ ȁ2- -2-Ҁ ȁ ԋ

 

 ԋ  

҈ ȁŬ- ȁɓ-

ȁ3- ȁ -ɓ- יּ

ȁ -ɓ- יּ ȁ

ȁ ȁ ȁŬ-

יּ ȁ 

ŭ-  

Ҁ ȁ Ҁ ȁ ȁ ȁ

2,2-ԋ Ҁ ȁ ȁ ȁ

ȁ ȁ ȁ

ȁ ԋ ȁ ȁ4-

ȁ ԓ ȁ Έ ȁ ҂

ȁ 

1-Ҁ ȁ2- -2-Ҁ ȁ1-  

 

2) BVOCs  

Ҍ Ҭ BVOCŝ ̃ ₮

[53ï55]Ȃ ̆ BVOCs ̆ῒ ҹ Ȃ

Simonֲ[56]19941998 Ҭ 32

̆ Ҭ BVOCs Ҍ ᴍӊ Ȃΐᵣ ̆7

8 ҹῃ ӊ ̆ 9 ץ10 4 5 ̆ 1

2 ↕ ᵞȂ ѿ Ӟ ⌠ԅ Hakolaֲ Ȃ

ҍ Ҍ ̆ῒ 6 ⌠ ṿ̆ ╠ѿҩ ȂStreet[57]

̆10 ῃ ̆ҹ 5 ңṐȂῒז

֞ ̆ ֓ BVOCs Ȃᶛ ̆Kim

ԍ ̆ 5 Ȃ

 1-3 
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֓ ̆ Ҍ ԅ BVOCs ̆ ‏

ҹ ᵞ Ȃ 

ѿ Ҭ̆ BVOCs Ӟ ̆

ԍ ̆Ҋ ↕ ԍ҉ ȂStreetֲ ̆ ≠ ‏

⌠ ṿ̆ᵖΐᵣ ṿ Ҍ Ȃ ̆C.A.Pio[58]

̆ Ҍ ԋ ̆ ̆ ѿ

ԅҌ BVOCs Ȃ 

3) BVOCs ῤ  

’Ҋ̆ BVOCs

Ȃᶛ ̆ ᴆҊ̆ ȁ ̆

ῒ ᴪ ᵞ[59]Ȃ ̆Guentherֲ ̆15

ῤ ԍ40҉ץ [53]Ȃ ̆

BVOCs ҍῒ ῏̆ ֓ ₮ ῏Ȃ

ᶛ ̆ Ҭ ᵞ̆

ⱴ[59]Ȃ ̆ ѿ Ҭ BVOCs

[60]̆ᵖ ᴪ Ȃ ̆Ӟ ѿ֓

Ҭ Ȃ ֞

ѿҩ ̆ BVOCs[61]Ȃ 

№׆ ̆ [46(p. 002),62(p. 1),63]̆ ԍ ȁ ȁ ȁ

№ ԋ ̆ ғ ҹ Ȃ ӊҊ̆

ȁ ȁԐ Һ Ȃ ᶏ ѿ Ҭ̆Ҍ

BVOCs Ӟ ̆ᶛ 26 Ҭ̆

ҍ ᵞ ӊ 20Ṑ[64]Ȃ 

4) BVOCs Ṝ  

Ṝ ᴆ BVOCs ῏ ᵬ ̆ῒҬ ȁ ᾣ

ҹ ῀Ȃ ꜚ BVOCsΐ ̆ ғ Ҍ

₮ Ȃᶛ ̆ѿ֓ ̂ ̃

ⱴ ̆BVOCs Ӟᴪ ⱴ̆ ῒזѿ֓

↕ ₮ Ҍ [65]ȂJanson [54] ̆ ҌֽḆ

ԅBVOCs ̆ BVOCs№Ȃ ῒ [66]Ԑ

ң Һ ӓ ̆ ҍ ң ӓ Ŭ- ῏̆

ҍ ԋ ῏Ȃ 

Guentherֲ [53]₮̆ ѿ ᾣ Ҋ̆ ҉ ᴪ ԋ

̆ᵖ ⌠ ṿ ᴪ ᴴ Ҋ ᵞȂ
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BVOCs ₮ 40 ŅȂ ᵞ ̂ 19 Ņ

Ҋ̃ץ ̆ ԋ ↕ᴪ⁞ ₃ӍҌ Ȃ 

Ӟ BVOCsȂ ԋ ҍ ℗

῏̆ ̆BVOCs Ӟᴪ ⱴȂ Һ ԍ

̆ BVOCs Ҍ ȁ ᴍ ₮

Ȃᵖ ѿ ṿ ̆ ᴪ⁞ Ȃ [67] ̆

ԋ Ȃῒז Ӟ ̆ ֓ Ŭ-

ԋ ⌠ Ȃ Ҍ ̆

ⱴ BVOCs [68(p. 201)]Ȃ ̆ Ҭ ᵣ №Ӟҍ

BVOCs ῏Ȃ 

5) BVOCs  

ᴆҊ̆ ῏ ᴪ ᵞᾣ ᵬ ῒẢ ̆ᵖ

ԋ ֽ֟ Ȃ №ᶫ ̆ ԋ

ץ ⱴ ᾢ 10Ṑ[69]̆ ӊ Ḡ Ȃ ⌠

Ҭ №Ҍ ’Ҋ̆ ᵣῤᾣ ֟ ⱴ̆

ԍ Ȃᶛ ̆ №Ҍ ᴆҊ̆ Ҭ

ᴪ ⱴȂ ’Ҋ̆ ̆ᵖ №Ҍ ̆ ֓

ᴪ ⱴȂ ᴆҊ̂-2.7MPã̆ ᴪ

ȁ ȁ ȁ ȁӘ Ә ̆ῒ Ҭ

̂-2.0MPã № ᴆ̂-0.8MPãҊ 5 310ṐȂ2-

ⱴ ԍ ᴆҊ Ȃ Ҥ ᴆҊ̆

ᴪ Ә Ә ̆ ҹ ῏ ⁞ ԅ ̆

⁞ [69]Ȃ 

6) BVOCs ᴆ  

̆ ⱴ ᴪ⁞ Ҭ Ȃ Һ

ԍ ᾣ ᵬ ̆ ᾣ ᵬ ⁞ ԅ

׆̆ Ҋ Ȃ ̆ ѿ Ȃᶛ

̆LoretoSchnitzler[70] ̆ ғ Ҭ

ᴆҊ̆ ҉ ⱴȂ 

1.2.4 BVOCsӀ ⅎ  

ԍBVOCs № ̆ 30000[71]̆

ȁ ȁ ȁ ȁ ȁ Ȃ ╠ ԋ №

ѿ № ̆ ҹ Guenther№ [72]̆ῒ№ ‰
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 1-4Ȃ 

 1-4 BVOCsҺ № ῒ  

Table 1-4 Major classifications of BVOCs and their emission characteristics 

Һ ≢  /TgC 
/h 

Һ ף ף   

ԋ  C5H8 620 1.5~3.0 
Isoprene(ԋ

)  

 C10Hx 150 0.5~3.0 Ŭ-pinene(Ŭ- ) 

 

ῒז

№ 
CxHyOz 315 <24.0 

2-methyl-3-buten-

2-ol (2- -3-Ҁ

-2- )  

ῒז № CxHyOz 315 >24.0 Methanol() 
 

 

ῒҬ̆ ԋ ̂Isoprenẽ BVOCsҬ ѿ №̆

BVOCs 30 %⌠50 %Ȃ Һ №

̆ ≢ ᾣᾟ ᴆҊ[73]Ȃ BVOCs ҹ ΐ

̆ΐ SOA ̆ ץ ԋ ף BVOCsȂ 

̂Monoterpenes̃ Ŭ- ȁɓ- ȁ ̆ ֓

BVOCsҬ ҹ 10 %⌠ 30 %Ȃ Һ ̆ῒ ⌠

ᾣ [74]Ȃ ῒז №(Other Reactive 

Volatile Organic Compounds, ORVOCs) Ṑ ̂Sesquiterpenes̃̆ ֓

Ҭ ᵞ̆ᵖ ױ ̆Ṑ

BVOCs ᶛ̆ ҹ זҊ[75]Ȃῒץ% 5 №(Other 

Volatile Organic Compounds, OVOCs) ̂ ȁ̃

̆ ֓ BVOCs ᴍ ̆ ̆ᵖ

ᴆҊ ץ [76]Ȃ 

1.3 SOA  

1.3.1 SOA Ὶ  

SOAҺ VOCsᾣ Ҭ Ȃ ֓

ȁ ץ ╕ȂOA ҹֲҹ№ץ Ȃ

Һ BVOCs̆ ԋ Ȃ ֓ BVOCs ᵬ Ҋ
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ᾣ ҹ SOAȂֲҹ ↕ ȁ ҙ ץ ῒז

̆ ֓ VOCs ץ ҹ SOAȂ ֲҹ ꜚ Ҭ̆

SOA ҹ ̆ ̆ SOA [77,78]Ȃ

№ ̆ Ҍ

ᵀ ̂TgC/̃[79]Ȃ  1-5 ԅᵀ ̆ῒҬS1  

S2 ף ԍῃ ң ̆ Ҭ Ḡ ᵝ

Ȃ 

 1-5 SOA ᵀ ̂TgC/̃ 

Table 1-5 Flux estimates (TgC/yr) for the SOA 

 ᴨ

ᵀ  

Ҋ

 

҉

 
S1 S2 

ף
(Modern 

Organic 

Carbon) 

(Fossil  

Organic 

Carbon) 

(Hydrocarbon-

like Organic 

Aerosols, HOA) 

(Oxygenated 

Organic 

Aerosols, 

OOA) 

҉

Ҋᵀ  
150 60 240 ĺ ĺ ĺ ĺ ĺ ĺ 

∆ ֲҹ  5 2 8 2 5 ĺ 5 5 ĺ 

∆

 
11 5 18 8 15 11 ĺ 6 5 

ᵞ

ֲҹ  
5 1 10 10 5 ĺ 5 ĺ 5 

ᵞ

 
14 1 26 20 15 14 ĺ ĺ 14 

ֲҹ  10 3 17 10 15 ĺ 10 ĺ 10 

 
17 0 34 20 20 17 ĺ ĺ 17 

 
88 0 180 10 150 88 ĺ ĺ 88 

 150   80 225 1 30 20 11 139 

      (87 %) (13 %) (7 %) (93 %) 

 

SOAҺ ȁ ȁ ȁ ץ ֟ ̆

ᵖҌ SOA № ̆ ғ Ҍ [80,81]̆  1-6

ԅ SOAҬ Һ Ȃ ֓ ҩ ȁ ̆

Ȃᶛ ̆ SOA№

̆ ֓ Ҭ ᵬ Ȃ

Ҙ Ҁ Ӟ SOA №̆ ױ Ҭ [79]Ȃ 
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 1-6 SOAҬ № 

Table 1-6 Basic chemical components in SOA 

Ҍ (Water Non-Soluble Organic 

Compounds, WNSOC) 

(Water Soluble 

Organic Compounds, WSOC) 

n   

  

ȁ ȁ  
ѿᾝȁԋᾝ

 

  

  

  

 ᵞ  

( )  

 

SOA ױ ⱳ ȁ ץ ̆ ֓

ױ ҹ ̆ ᾣ Ԑ₀ ȂSOA

ץ ╕ ѿ ׆̆ ῒ [79,82]Ȃ

SOA№ ױ Ԑ Ҭ № ̆ SOA

Ȃΐ ץ Ҭ ׆̆ ᴆҊ

׆ Ҭ ȂSOA ‗ ԅ ױ Ҭ

ⱬȂᵞ SOA№ Ҭ ̆ ץ ῤᴰ

Ȃ ̆SOA № Ӟᴪ ׆̆

№ [83]ȂSOA ᾣ ῒ ҍ ᾣ

ⱬȂ SOA№ ᵬ Ҋ ץ ѿ ̆

ᵞ ׆̆№ ⱴ ᾣ [78]Ȃ ֓

῍ SOA ҹ̆ ױ ȁ ȁ ץ

Ṝ Ȃ 

1.3.2 SOA  

1) SOAΐ Ҥ  

SOAΐ Ṝ ̆ ̆

Ȃ ̆ ԍ SOA ᵬҹԐ₀ ̆ Ԑ

̆ Ȃ ῃ ҉

Ṝ [82,84]Ȃ 

SOA ̆SOA ⱴԅ Ҭ PM2.5

̆ Ҋ Ȃ ̆SOA Һ
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ӊѿ[85]Ȃ ȇ20243 ῃ Ȉ̆ PM2.5

ҹ11 ɛg/mб 6͘0 ɛg/mб̆ ҹ41 ɛg/mбȂ ȁ ȁҬ 107

ҩ ᴨ ᶛ  80 %͘100 %ӊ ̆ ȁ ȁ 28ҩ

ᴨ ᶛ 50 %͘ 80 %ӊ ̆ Ҭץ PM2.5ҹ

̆ῒ  PM10ȂSOA Һ Ȃ 

2) SOAΐ ẫ  

̂PM2.5̃̆ ≢ SOA ̆ ῀ ̆

┬ ᴴ Ȃ SOAҬ̆ ⱴ

̂ ̃ [86,87]Ȃ ̆SOA ҍ

ⱴ ῏Ȃ ֓ ῀ ̆

̆ ⱴ Ҭ [88]ȂSOA ֲᵣ

ῒז ֟ ̆ ᾧ ̆ᵖ ֓ ΐᵣ └ׅ

ѿ Ȃ 

1.3.3 SOA  

SOA ῏ ӊѿȂ ץ ⱴ VOCs

̆ҹ SOA ᶫ Ȃ ̆ ₀ ̆

׆ ῒ Ҭ Ȃ Ӟ ╕ OH

̆ SOA [89,90]Ȃ 

‪ ̆ ῒ ̆ SOA ῏ Ȃ

VOCsᾣ ̆ ̆Ḇ SOA Ȃᾣ

ᴪ ֓ᾣ [91,92]Ȃ 

SOA ΐ Ȃ ᴆҊ̆

ѿ֓ ץ Ҭ ̆Ḇ

Ȃ ̆ ץ Ҭ ׆̆

SOA ᾣ ҹ[93,94]Ȃ 

̆ Ҭ ╕̆ ȁ ̆ SOA

῏ Ȃ ֓ ╕ VOCs ҹᵞ ֟ ̆Ḇ

SOA Ȃ ╕ SOA֟ [79,95]Ȃ

VOCs Ҭ ֟ Ҍ ̆ ױ SOA Ӟ

Ҍ Ȃᶛ ̆ ԋ SOA ╠ᵣ̆ ױ

ῒү ̆ Ҭ̆ ҙ Ӟ SOA

[78,96]Ȃ 
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1.4 BVOCsғSOA Ὶ  

1.4.1  

№̆Ҍֽ Ữ ̆ ᶫ

Ⱶ̆ ṜȁḠ ȁ Ȃ ̆

₀ ȁ ‪

῀Ȃ 

‪ ̆ ‪ ȁ ̆ Ṝ̆Ḡ

Ȃ ̆ Ӟᴪ BVOCs̆ױᴪҍ ֟ ֲҹ

ԑᵬ [105]̆ Ṝ Ȃ BVOCs Ҭ

ҍ ╕̂ OH ȁO3 NOx ̃ ̆ ѿ ↓ Ҭ ֟

֟ ̆ ȁ ȁ Ȃ ֓֟ ץ ҍ ѿ ᾣ ̆

SOAȂ ѿ ╕̆ ֲ ̆ ⱴ

ȂSOA ѿ ̆

̆ Ԑ ̆ Ṝ ȂSOA

῀ֲᵣ ̆ ȁ Ȃ ѿ

ԅ BVOCs SOA ԑᵬ ̆ ≠ԍ ᵀ

Ṝ , 

└ Ҭ Ȃ 

ᴧ ̆ ԍ ҍ ֜ ᴰ

̆ ӊ ΐ ῏ ̆ ‪ ᾣ

Ȃ ҉ ̆ ץ ₀ ȁ ȁ ȁף

Ҭ ̆ Ӟ ץ BVOCs

̂Bioaerosol, BÃ Ȃ ҍ ӊ ԑᵬ

⌠ ȁⱳ ȁ № ȁ ȁ ᴆȁ

̆ ֓ Ӟ ץ Ȃ ҉ ̆BVOCs

⌠ ȁ ȁֲҹ ̆ғ

SOA ⌠ ȁⱳ ȁ ȁᾣ ᴆȁ

̆ SOA ΐ

Ȃ 

1.4.2 BVOCsғSOA  

₃ ̆KirkbyRiccobonoԅ [113,114]̆ ԅ

҉ ԋ ᵥ ᾣ SVOCs̆ ѿ ҍ
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Ȃ ԅ ҍ ӊ , ԅᾣ

SOA Ҭ ̆ ≢ ҍҊ ԋ

Ȃ 

[115ï117]̆BVOCs ᾣ ᵬ Ҋ

̂Semi-volatile Organic Compounds̆SVOCs̃̆ ᵬ Ῥ

̂New particles̃̆ ₀ - № ̂Former particles̃̆

ѿ SOAȂ SOAӊ ᴪ ⌠ Ҭ̆ ѿҩ Ȃ

Kulmala ֲ[118]ԍ ῌ ̆ ₮ԅѿҩ - ľ

Ŀ Ȃ ҩ ԅ ү ̆ ԋ BVOCs

̆ ԅ SOA Ȃ ⱴԅ ⱬ̆ ꜛ

ԍԐ₀ (Cloud Condensation Nuclei, CCN)̆ Ԑ ⱴԅԐ

(Cloud Droplet Number Concentration, CDNC)ץ ̆ ᵞ

⁞ BVOCs ȂSOAӞ ץ ᾣ

(Aerosol Optical Depth, AOD)∆ ֟ ṿ (Gross Primary Productivity, GPP)Ȃ

̆BVOCsҍ SOAӊ ѿ ꜚ ῏ ̆ ҹ SOA

BVOCsľ ĿȂ SOA ̆

BVOCs ̆ ѿҩ Ȃ ҩ  1-3

Ȃ 

 

 1-3 BVOCsҍSOA Ȃ(a)SOA Ȃ(b) - -

Ԑ- Ṝ̂COBACC̃  

Figure 1-3 Theory of synergistic release of BVOCs and SOA. (a) Brief process of SOA 

formation.  (b) Biosphere-Aerosol-Cloud-Climate (COBACC) model 

SOAҍ BVOCs Ҭ̆ ԋ ⱴ

ᴪ ⱴ BVOCs Ȃ  SOA ץᶏԐ ΐ ׆̆

ᶫ‛ Ȃ ̆SOA ⱴӞ ҹᴪ ⱴ̆׆

Ԑ

Ԑ₀

ᾣ

ᾣ

/ῃ

(a) (b)

∆ ֟

EYRFv
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ⱴȂ ᴪ GPP ѿ ⱴ BVOCs Ȃ ȁSOA

BVOCs ץ (1.1)ᵣ [119]̆ ꜚ̆

ῒ  1-4̔  

   (1.1) 

 

 1-4 ҍ (BVOCs)- -Ԑ- Ṝ- ῏ ῏

Ȃ ̂ ̃ ̂⁞ ̃  

Figure 1-4 Illustration of the key parameters and processes associated with the Biogenic 

Volatile Organic Compound (BVOCs)-aerosol-cloud-climate-feedback. Red arrows indicate 

positive (enhancing) and blue negative (dampening) responses 

ԍ (Norwegian Earth System Model, NorESM)

[120]̆ SOAҍBVOCsӊ └Ҭ̆ ԋ

ⱴ̆BVOCs ᴪ҉ Ȃ ⱴ SOA Ԑ

׆̆ ֟ ‛ Ȃ ̆SOA ⱴӞ ҹᴪ ⱴ̆

ⱴ Ȃ ᴪ GPP̆ ѿ BVOCs Ȃ

[120]̆ҍ῏ ̆ ῃ BVOCs ⱴԅ63 %̆ῒ

Ҭ ԋ Ṝ ’Ҋ ҹ Ȃ BVOCs

SOA ̂ ⱴ 53 %̃̆ ‛₀ᵬ

ȂԐ ̆ ‪Ԑ ̆ ⌠-0.43 

₀

Ԑ

Ԑ₀
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W/mаȂ Ҭ⁞ ֲҹ ᴆҊ̆ ⌠

50 %̆ ⁞ ῒ╠ᵣ ̆ └ ҹ Ȃ

GPP ᵌӍҺ BVOCs Ԑ └Ȃ ̆ҍ BVOC

῏ ꜛԍ ̂-0.06 W/mа Ȃ̃ҍ ῏

ῃ ҹ-0.49 W/mӑ ῒ ⱬ ҍԋ ⱴṐ ῏

13 % Ȃ 

- -Ԑ- Ṝ ₮ҹ BVOCsҍ SOA̓͂

ᶫԅ ̆ᵖ ̆ ԍ ԍ ҉ Ẋ ̆

ԍ ̆ ╠ ῏ Ȃ ҉ ̆ Ḃ

BVOCsҍ SOA ̆ᵖ ԍ ȁֲ ꜚ

Ṝ ̆ ⱴ Ȃ 

1.4.3 BVOCsSOA Ὶ ┼  

BVOCs SOA ᶭ ԍΐ ╕̂ᶛ

̃̆ ֓ ╕Һ O3ȁNOxҍ SO2 Ȃ Ҭ O3ȁNOxҍ

SO2Һ ҹ ҙ ̂ ֜ ȁ ȁ

ȁ ᶫ ҙ ꜚ̃ ᴰ ȁ Ҋ ץ

ꜚ ̆ ץ BVOCs SOA ᶭ ԍֲ ֟ Ȃ

BVOCs ᾣ ҍ ᵬ Ҋ  (RĿ)ҍ  

(RO2Ŀ)̆ ң ΐ ̆ ҍῒז ѿ

╠ᵣȂNOxҍ RO2¥ ȁ

̆ ̂RO¥̃̆ ῒז

Ȃ NOx ȁ ᵣ- №

 SOA └ ȂO3 ᵬҹץ ҍᾣ

BVOCs SOA ̆Ӟ ҍץ NOx ᵬ RO2¥ҍ R¥ ȂO3

ץ ҍROx-NOx ̆ ᵞ NOx Ҋ̆O3 ⌠ NOx └̆ ᾣ

ҍBVOCs SOA֟ Ȃ Ҭ  NOx Ҋ̆  

ROx-NOx ׃ OH ̆ ץ BVOCs Ȃ O3

ҍNOx ֜ԑᵬ BVOCs SOA ̆ᵖ ҹO3

Ҍᴪ└ NOx SOA ᵬ ȂSO2 ֲҹ BVOCs

SOA ȂO3 NOx ѿ № ̆ ҬSO2↕₃Ӎ

ῃ ֲ ֟ ̂78 %̃ Ȃ Ҭ SO2 ץ ҹ

Һ ̆Ӟ ץ ̆

SOA ᵬ ȂSO2 ҍץ № Ҭ
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CriegeeҬ ᵣ (sCI) [134ï136] ҍ ̂ H2O2 ̃ ̆

H2SO4 ‛₀ Ỳ Ҋ̆ ̆Ḇ BVOCs SOA Ȃ 

ῤ̆ ᴆ BVOCs SOA └ ̆

ȁ Ȃ ̆ SOA֟

Ȃ ̆Ŭ- ֟ №

ῖ ClausiusïClapeyronᶭ Ȃ №

‪ ̆ BVOCs SOA ΐᵣ Ȃᶛ ̆

ᾟ ̆Һ BVOCs R¥ҍ

RO2¥ ̆ ̆RO2Ŀ NO3Ŀ ⱬ ̆ Ҭ  

SOA ‗ԍ NOx ѿ ↓ ̆ ֟ Ӟ ᵞ

Ȃ SOA ץ ̆ Ҋᴪᶏ

SOA ₀ ⱴ ̆ SOA №̆ ΐ

№ ̆ ᵞ ΐ

№ Ȃ  SO2 ᵣ ̆ᶛ RH>40 %

̆ᴪ SO2̆ Ҁ Ә № ֟ SOA Ȃ

̆ ᴆҊ̆ ⱴ SOA֟ ᵣ ⱴ̆

’Ҋᴪ SOA֟ ⁞ Ȃ 

̆ԅ Ҭ BVOCs SOA └ ֲᵣẫ

῏ Ȃ ̆BVOCs ѿ ̆ ץ ⌠

̂ ȁᾣ №̃ Ȃ ԍ ҍ

֜ ᴰ (Eisenman et al., 2019)̆ῒ ᴆ ᾣ

ȂBVOCs ̆ BVOCs

⌠ֲҹ ȁ ȁ Ȃ ԍѿ

̆SOA ⌠ ȁⱳ ȁ ȁᾣ

ᴆȁ Ȃ ӊ̆BVOCs SOA ᴆ

̆ ᴆ ῒ ̆BVOCsSOA ΐ

└ ̆ ѿ ┴ ѿ ῤ BVOCs Ҍѿ

SOA ̆ ҹ ⌠ Ҭῒז Ȃ 

BVOCs SOA └ ̆ ԅץ ѿ֓ ѿ

Ȃ BVOCs SOA Ҭ̆ ѿҩ ȂLoreto and 

Schnitzler ᴪḆ BVOCs ׆̆ Ḇ SOA

̆ Vuorinen BVOCs Ҍ ̆ ᴪ └

BVOCs Ȃ ᴪⱴ ᾣ ̆ӞᴪḆ BVOCs ̆

Rasulov ԋ Ҙ ԋ ̂DMADP̃ ҉ BVOCs
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҉ ̆ ⱴ ᾣ ׆̆ Ḇ SOA ̆ ̆ ԅ

̆ ᴆҊӞ ҌᴪḆ BVOCs SOA ̆ ᴪ₮

῏ Ȃ ̆ ԍ BVOCs SOA Ҭΐ └ ̆

ѿ֓ Ҍΐ ̆ҹԅ ‰ BVOCs SOA ̆Ҍֽ

ԅ Ҭ Һ ̆ ⱴ Ȃ 

҉ ̆ BVOCs SOA └ ̆ BVOCs

SOA Һ  1-5 ȂῒҬO3ȁNOxҍSO2 ᵬ

ҹ BVOCs SOA ֲҹ ̆ ȁ ‪

ҍ ҹ └ Ȃ ҍ ѿ

≢̆ᵖ Ҋ BVOCs SOA Ҭꜚ └

ῤȂ 

 

 1-5 BVOCs SOA Ҭ └ ȂῒҬ̆ ᵣ

֟ ̆ ȂO3ȁNOxҍSO2 BVOCs

SOA ױז̆№ BVOCsҍSOA ῏  

Figure 1-5 Overall environmental restrictive factors in the process of BVOCs forming 

SOA. Temperature and radiation influence the overall speed and type of chemical reactions, 

while humidity affects the phase equilibrium of reactions. O3, NOx, and SO2 are important 

chemical components characterizing the process of BVOCs reacting to form SOA, and their 

concentrations affect the relationship between the concentrations of BVOCs and SOA 
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1.5 BVOCsSOA ᵆ  

1.5.1 BVOCs  

⌠ BVOCs ȁֲᵣẫ ӂ ҩ ᵬ ̆

BVOCs ⌠ ῏ Ȃ 20ҕ ץף60 ̆

ң Һ ̔ Ȃ Һ

№ ȁḂ ᶏ ץ ̕ ↕

Һ ᵀ [149]Ȃ 

1) BVOCs  

҉ BVOCs Һ Ȃ ╠

BVOCsD ̆ Ҭ ̆ ῒ ҹ BVOCs

Ȃ ԍѿҩẊ ̔ Ҭ Һ ԍ ԋ Ȃ

Chanceֲ[150]≠ GOMED ̆ Ҭ

ԅ ̆ ԅῒҍ ԋ ῏ Ȃ ̆ ԍ Ҭ

̆ ҍ ԋ ῏ ҌҤ ̆ ‰ץ ᵀ

ԋ Ȃ 

ԍ └̆ BVOCs ̆ ╠Һ ᶭ

Ȃ Ḡ ̆ ԅ ≠ ȁ

ȁ ̆ᵖ ѿ ȂGuentherֲ 1991

1993ԍ ԋ ̆ ԅ G91 G93 [53,151]̆

1995ѿ ̆⇔ ԅῃ ꜚ ̂G95̃Ȃ ̆ ѿ

ԋף Ȃ2006̆ף Guentherֲ ₮ԅ ԍ

G95 ᵣ ̆ ׂҹ

ғ [152]ȂUFORE-B̂ Urban Forest Effects model, module B̃

҉ᵀ BVOCs ѿ ΐ̆ ԍ ȁ

ȁBVOCs ȁ ᾣ ̆ ԋ ȁ ῒ

BVOCsז [153,154]Ȃ 

Guentherᵀ Ҋ[155]̔ 

  (1.2) 

  (1.3) 

ῒҬ EISOP ԋ ̆ ᵝ ɛgC/(m2Ŀh)̕ETMT,EOVOCҹ

ῒזBVOCs ̆ ᵝɛgC/(m2Ŀh)̕Ůҹ ‰ ᴆҊ̂ 303K̆ᾣ
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1000 ɛmol/(m2Ŀs)̃ ̆ ᵝɛgC/(gĿh)̕D ̆

ᵝ g/ϒ̕ɔPȁɔt№≢ҹᾣ ̕ɟҹ ₮ ̆ ṿ

ҹ1Ȃ 

ԍ ᾣ Ҋ̔ 

(1) ԍ ԋ ̔ 

  (1.4) 

ῒҬ̆Tҹ ╠ ̆Kҹ ף ̕TSҹ ‰ ᴆҊ

(303K)̕CT1ȁCT2ȁTMҹ ̆№≢ 95000̆230000 J/mol̆314 K

Rҹ ᵣ (8.314 J/K)Ȃ 

  (1.5) 

ῒҬQҹᾣ ̆ PAR ̆ ᵝ ɛmol/(m2Ŀs)̕aȁ

CLҹ №≢ҹ0.00271.066Ȃ 

(2) ԍ ῒז ̔ 

  (1.6) 

ῒҬ̆ɓ (0.09 K-1)̕ TS ‰ ᴆҊ (303 K)Ȃ 

2) BVOCs  

(1)  

BVOCs ̆ BVOCs Ҭ ⌠ԅ Ȃ

̆ Ҍ ӞҌ ̆ΐᵣ ̔

Ҋ ᵬҹ ᴆҊ BVOCs ף ̆ ѿ Ԉ [156]̕ 

֓ Ҍ [152]̆ғ ץ ԍ ȁ

Ȃ 

Ҭ̆ BVOCs Һ ꜚ

Ȃ ֓ ῤ№ ̆ GC-MS̃ȁ̂ת

ꜚ SIFT-MS̃ȁ̂ת PTR-MS̃ȁ̂ת

ת ̂GC-FID̃ ת ᾣ ̂GC-PID̃

№ № Ȃ ֓ ԍ ҬBVOCs №̆ᵖҹ

ԅ ⌠ ‰ ᴆҊ BVOCs ̆ Ȃ

ԍᾣ BVOCs ̆ ױ

Ȃ ̆ Ҍ ᾣ ᴆҊ̆ BVOCs ᴪ Ҍ Ȃ

ҹԅ BVOCs ⱬ̆ ԅ ԍᾣ G93 [151]Ȃ

̆ ԋ ץ ҊῈץ (1.7)̔ 
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  (1.7) 

ῒҬ̆I IS№≢ҹ T(K)ᾣ PAR[ɛmol/(ϒĿs)]ᴆҊ

ԋ ץ] C ̆ɛgĿ(gĿh)-1] ‰ ᴆҊ̆ T=303K̆PAR=1000 

ɛmol/(m2Ŀs)ᴆҊ ԋ ( )̆ ῒҬCL CT№≢ҹᾣ

̆№≢ Ҋ ⌠̔ 

  (1.8) 

ῒҬ̆Ŭ CL1№≢ҹ0.00271.066 ̆ Lҹ PARȂ 

  (1.9) 

҉ Ҭ̆Rҹ ᵣ [8.314 JĿ(KĿmol)-1]̆ CT1ҹ 95000 JĿmol-1̆CT2ҹ

230000 J*mol-1̆TMҹ314 K̆ TSҹ ‰ ᴆҊ303 KȂ I ṿץ CL

CT ṿ ≠ץ ₮ IS ṿȂ G93

Ҭ ≠ץ Ҋ ̔ 

  (1.10) 

ῒҬ̆M ҊT(K) Cץ) ̆ɛg/g*h)̕ῒҬMTS

‰ ᴆ TS=303 KҊ ̂ ̃̆ ɓ(0.09 K-1)

TS(303 K) Ȃ ṿ ₮

MTsȂ 

№ ԍ Ҭ̆ ᶏ

└ Ә BVOCs Ȃ ֲ[157]

̆ ֤ ԅ № Ȃ

ΐᵣ ᵬҹ̔ № ῀ᵣ 2 mб Ҭ̆ ̆ ѿ

Teflon Ȃ ᵬҹ ṿ̆ ѿ Ῥ

̆ ң ̆ ῤ BVOCs

Ȃ ̆ᶏ Ҍ ᵬҹ ̆ ῤ ⱬ 200 kPaȂ ԍ

̆↕ ᵣ 0.5 mб ̆ṕ ҉ ̆

ѿ Ȃ ̆ ֤ ȁ ̂ ӓ

̃Һ ԋ ̆ ̂ ̃↕Һ ̆

↕ ᵞ ̆ҍ ѿ Ȃ 

ꜚ ╠ ԍ ᵣ

̂BVOCs̃ [158]Ȃ Ҭ̆ ᵣ ԍ ῤ̆

Ȃᶏ ῤ ̆ ῀׆ ῀ GDX-101
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‪ ̆ ₮ BVOCsȂ ҩ

Ҭ̆ Ḡ ̆ ꜚҊ ᵣȂ ̆

ĺᵞ ̆ ῀ - GC/MS̃̂ת № Ȃ

ᴨל ԍ ᵣ BVOCs̆

№ ̆ ҹ ₮ BVOCs ῒ ᶛȂ ̆

Ḃ̆ ᵬȂ ̆ ⌠ BVOCs ̆

Һ ԍ № Ȃ 

(2) Ḃ  

Ḃ ԍ ῤ Ҭ BVOCsҺ № ̆

ᶏ Ḃ ᾣ

̂Photo Ionization Detector, PIDȂ̃ ≠ ֲ ᴰ

̆ Ḥ ̆ҍᴰ ̆ ΐ

ȁ ᴨ׆̆ל ԅ ғ Ȃ

̆ ԍ ῏ ̆ ῤ≠ BVOCs

ҹ Ȃ 

ᾣ ̂PID̃≠ ᾣᵬҹᾣ ̆ Ҭ

№ Ȃ ת῀ ⌠ ᾣ ̆

№ ̆ Ȃ ᵬ Ҋ̆

֓ ̆ ѿ ̆ ᵀץ ₮

Ҭ Ȃ ´[63] ᶏ PID ԅ 208Һ VOCs

̆ ԅPID VOC ץ ᾣ ᾣ ᴆҊ

ԋ Ȃ ̆PIDѿҩ ԍ̆ᶏ ╠ ℗

ΐᵣ №̆ ԍ ᵣ ̆

ѿ Ҍ [149]Ȃ 

(3)  

BVOCs ҉ Һ Ȃ Һ

̂Gradient diffusion approachȁ̃ ῏ ̂Eddy Covariance method̃

̂Relaxed Eddy Accumulation, REAȂ̃

Ҭ ҉ ңҩҌ ӊ

Ȃ ῏ ᵬҹѿ ԍ Ҭ
[159]̆ Ӟ ԍ BVOCs Ȃᶛ ̆Parkֲ [160]ᶏ

῏ ⱴ≠ ֒ ѿ BVOCs ԅ Ȃ

῏ ѿҩ ̆ Busingerֲ ₮̆

BVOCs╠ Businger-Oncley[161,162]Ȃ ᵌ Ẋ
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Ṝ Ҭ̆ ҍ ╩ ȁ ╩ ╩ ᶛȂ

Businger-Oncley ԍ ̆ ҍ ̆ ᶫԅѿ

ᵀ Ȃ 

҉ ԍ ҉̆ ѿ

̆ Ȃ 

3) BVOCsҌ ᵀ  

BVOCs ̆ Ҍ ‰

Ȃ ᶫ №№ ȂḂ

Misztalֲ[163]Ҭ ̆ BVOCs̆

ᵞ̆ᵖ Ҭ ₮ῒᴇṿȂ ԍ

BVOCs ̆ Chanceֲ ≠ GOMED

Ҭ ̆ ׅ̆ BVOCs ⱬ

ΐ[164]Ȃ ̆ ԍ Ҭ BVOCs ̆ ԅῒ

Ҭ [165]Ȃ ̆ ̆ Guentherֲ ̆

῀ ̆ᵖҹ ῃ BVOCs ᶫԅ ΐ

[53,151]Ȃ ֓ ̆ ԍ BVOCs ῏

ȂҌ ᴨ  1-7Ȃ  

 1-7 BVOCsҌ ᵀ ᴨ  

Table 1-7 Advantages and disadvantages of different BVOCs observation methods 

    Ḃ  ᴨ   

  ᵞ  ᵞ 
̆ ץ

№ № 

̆ ᵬ ̆Ҍ

ᶏ  

Ḃ

 
Ҭ  Ҭ  

ץ ᶏ ̆ ᵬ

Ḃ 

ᵞ̆

 

 Ҭ  Ҭ  ᵞ 
̆

ԍ  

∆ ̆ Ғҙ

 

 ᵞ  Ҭ  
̆ ԍ

 

̆Ҍ

BVOCs 

 ꜚ  ᵞ  
ᵞ̆

 

῀ ̆‰

ᶭ  

1.5.2 SOA   

╠ SOA Һ ᵀ Һ ԍ ᵀ ȁ ԍ

ṿ ң [166]Ȃ╠ EC ȁ ̂WSOC̃ȁ

ᵣ ȁ ֟ ̆ Һ Ȃԋ
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(Secondary Organic Carbon, SOC) ҹSOC SOA №

╠ᵣȂ SOC ̆ Ҍᴪ SOA Ȃ ̆ └ SOC

ץ SOA ȂSOC └̆

ҹ [79,167]Ȃ SOA↕ ᶷ ԍ ֓ԋ

Ҭ ̆ ֓ ȁԐ₀ ץ

ֲ ẫ Ȃ ̆ ױ SOC̆ץ ף

SOAȂ 

1) ԍ ᵀ  

(1) EC  

EC ̂Elemental Carbon Tracer Method̃ ѿ ԍᵀ SOA ̆

≢ Ȃ ԍᾝ ̂EC̃ᵬҹ

╕̆≠ ᾝ ҍ ̂POC̃ ԋ ̂SOC̆ SOÃӊ

῏ ᵀ SOA [168]ȂEC ԍẊ Ҋ̆

POCҍECӊ ᶛȂ Ҭ EC ̆

≠ץ ѿ ᶛ῏ ᵀ POC ̆ ₮SOA Ȃ 

 SOA Ҋ ̔ 

  (1.11) 

ῒҬ̆OCtotal ̆POC ̆EC ᾝ ̆

(POC/EC)primary POCҍEC Ȃ ԍEC POC

̆ ֜ Ȃ ̆ῒ‰ ᶭ ԍ(POC/EC)primary

‰ ̆ Ҍ ᴆ ̆ғ ᵞ

Һ Ҍ Ȃ 

EC ҉̆ № ῒז ̂ᶛ CÕ ף ECᵬ

ҹѿ ̆ ᶏ └̂ᶛ ᾝ № ̃

[169ï171]̆׆ ԅEC Ȃᶛ ̆Blanchard[170]CO EC ᵬ

POĈ∆ ̃ ̆ ̂SO42-ȁ̃ ̂NO3-̃

ᵬҹ SOĈ ̃ ̆ ᾝ ᵀ POCҍ SOC

῏ Ȃ Blanchard҉̆Pachon[169]ⱴԅK+ᵬҹ

POC ̆ ҍCOȁECѿ ᵬҹ POC Ȃ 

(2) WSOC 

WSOC ̂Water-Soluble Organic Carbon method̃ ѿ ԍ Ҭ
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SOA ̆ ≢ ԍ№ ̂WSOC̃Ȃ ԍ

̆ ῒҬ №̆ ᶏ № ת

[172,173]ȂWSOC ԍ SOAҬ №̂ ῒז ⱳ

̃ΐ Ȃ Ҭ WSOC ̆ ᵀץ ₮

Ҭ SOA Ȃ ≢ ԍ ᵀ ῒז ֲҹ ꜚ

ҬSOA Ȃ 

WSOCץ ĺĺ ̂levoglucosañ

ᵀ ῒ [174]Ȃҍ K+ ̆ ῒ ╕

Ҭ ү ץ ᵬ ̆ ҹ ѿ ҹ

Ȃ ҊῈ Ҭ: 

  (1.12) 

ῒҬWSOCM  WSOC ̆ WSOCBB ҹ  

WSOC ̆(WSOC/levoglucosan)BB ҹ WSOC ҍ ṿ, 

Clevoglucosan Ȃ 

(3) r  

ᵣ № Ҭ ῏ ̆ ῒ

ῒ ᵣ Ȃ ̂Chemical Mass 

Balance, CMB̃ № ̂Positive Matrix Factorization, PMF̃

ң ѿ ῤ ᵣ Ȃ ֓ Ҍֽ № ѿ ̂

ȁ ҙ ̃ ̆Ӟ ԍ№ SOA

Ȃ 

CMB ԍѿҩẊ ̔ ᵣ

ᶛ [175]Ȃ ᵣ № ᶏ ╩ ̂

̃̆ ҩ ᵣ ̆ Ὲ

Ҋ̔ 

  (1.13) 

ῒҬC ᵣ ̆E ̆F

Ȃ №

ҩ Ȃ 

PMF № ᵣ № ̆ ≢

[176]Ȃ Ҍ ᾢ ӈ ╩ ̆ ׆

Ҭ ₮ , Ҋ̔ 
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  (1.14) 

X ᵣ ̆G ̆F ╩ ̆

E ȂPMF Ҭ Ҍ ̆ᶏῒ

Ҭ ҹ Ȃ 

ң ׆ ҩ Ҭ№ SOA ̆ᵖӞ Ȃ

CMB ̆ PMF↕ ΐ Ȃң

ץ Ḡ ȂῒҬ̆ SOA

 № (CMB-MM) AMS-PMF Ȃ 

CMB-MM ѿ ᴰ CMB Ҭ̆ ᶏ № ᵬҹ

№ OC [177]Ȃ OC Ҭ̆ Ҭ

∆ ̂ѿ ̃ OC ᵬPOC̆ OCҍPOCӊ ↕

ҹ SOC[178]̆ Ҋ ̔ 

  (1.15) 

ῒҬ̆Sjף ѿ j OC ̆OCtotף OCȂ ᶏ

CMB-MM OC ̆ ῀ ᵣ

ῒҌ № ̕ ԋӗ

Ȃҹ Ḡ ‰ ̆ № ᶏ Ȃ

ԅѿҩ ᶫ῍֣ №

SPECIATEȂ ̆ ̆ ̆Һ Ҭ қ

̆ᶛ ֤ȁ ȁ ֤ ̆ ֓ ԅ

ȁ ꜚ ȁ ̂ ȁ ̃ № Ȃ ԍ‚ ȁ

ῒז ↕ [179]Ȃ 

̆ Ҭ ⌠ Ȃ

AerodyneῈ ֟ Aerosol Mass Spectrometer, AMS̃̂ת ᶫ῏

ԍPM1 № № ̆ PMF Ȃ

AMS ᶫ № ̂m/z1 300̆̃

ῒ ῀ PMF ᵣ Ȃ≠ AMS ↓ĺ

ĺ ᵝ ῤ ̆ №ץ ₮ ҩ

Ȃ ̆ ץ № Ҭף ∆

̂Hydrocarbon-like Organic Aerosol, HOÃ ԋ

̂Oxygenated Organic Aerosol, OOÃ [180,181]Ȃ 
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(4) -֟  

-֟ ̂Tracer-Yield Method̃ ѿ ԍᵀ SOA Ȃ

≢ ԍ ᴆҊ ̆ Ҭ

ᵀ SOA֟ [182,183]Ȃ -֟ ԍ VOCs SOA

Ȃ ᾢ ѿҩ ҩ ᵬҹ ̆

ᴆҊ̆ ᾣ ̆ ֓ ҹ SOA

Ȃ -֟ Ὲ Ҋ̔ 

  (1.16) 

VOCi ∆ ̆ Yieldi SOA֟

̆ ᵝ VOCs SOA Ȃ ῏ ‰

VOC SOA֟ ̆ ╠ Ȃ 

ᵬ ̆ ᾢ - GC/MS̃̂ת VOCs╠ᵣ

Ҭ ̆ SOA

̆ ṿ ץ SOA ׆̆ ⌠ SOA

№ ̂FSOÃ̆ Ὲ Ҋ[184]̔ 

  (1.17) 

ᶏ ⌠ / ̂OM/OC ratiõ̆ ῒ

SOAҍ SOC ⌠ SOC № ̂FSOC̃ [185]Ȃ ̆Ẋ

Ҭ ԋ ҍῒ╠ᵣ SOA ῏ ̆ҍ Ҭ

[186]Ȃ ̆ Ҭ ╠ᵣ ֟ SOA

̆ ≠ FSOCT VOC╠ᵣ ֟ SOÂSOC̃ ̆ ץ ѿ

Ҍ SOÂSOC̃ OA OC Ȃ 

ת (5)  

ת ѿ ԍ Ҭ ̆ SOA Ȃ

≠ ת Ҭ № ׆̆ ᵀ SOA

Ȃ ̂ת ꜚ Ἕת SMPS̆ ת AMS ̃

ᶫ № Ḥ [187,188]Ȃ ת֓ ҩ

ꜚ ̂ ̃ ᾣ № Ȃ ԍ

AMS ת ̆ ץ ᶫ ῏ № Ḥ ̆

ԍ ≢ SOA ῒ Ȃ ת SOA Һ №

ҹ ̆ Ὲ ҹ̔ 
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  (1.18) 

CSOA SOA ̆n(Dp) ᵝᵣ Ҭ ҹDp ̆

Dp ̆ð ̂ Ẋ ҹ1.4 g/cmб̆ ῖ

Ȃ̃ 

ת ѿҩҺ ᴨ ᶫ № ̆

ԍ SOA └ ꜚ Ȃ ̆

ԍ ץ̆ ת ᵬ Ȃ ᶏ

ת ̆ ᾢ ץ̆

SOAȂLongֲף [189] Ҭ ₮̆ ҬSOA Ҭ Һ ̆

PM1ץץ PM2.5 ף SOA № Ȃ 

4) ԍ ᵀ  

ԍ ᵀ ѿ ԍ ᵀ ῤ Ȃ

ԍ ȁ └ └ ᵀȂῒ

≠ ̂ ҙ ȁ ȁ῾ҙ ꜚ ץ̃

֓ ᵀ Ҍ [190,191]Ȃ ԍ ᵀ

ᶏ Ҋץ Ὲ ̔ 

                                Ὁ В ὃ ὉὊ ὉὙ ρ ὅὙ  (1.19) 

E ̆ Ai iҩ ꜚ ̂

ȁ ֟ ̃̆ EFi ̆ ᵝ ꜚ Ҋ ̂

̃̆ ERi ̆ ⌠ └

̆CRi └ ̆ ⁞ Ȃ 

҉̆ CMAQ̂Community Multiscale Air Quality 

modelȁ̃GEOS-Chem̂Goddard Earth Observing System Chemistry model̃

CAMx̂Comprehensive Air quality Model with extensions̃ ԍ

SOA № [192]Ȃ ᵬ ̆ ↕ᶭ ԍ

SOA֟ - № SOA [171]Ȃ

Ҋ̆ SOA

̂ VOCs╠ᵣ ҍ ȁ - ̆

ץ Ҭ ᴰ ȁ ̃̆ ᶫ SOA №

ῒҍ ῏ Ȃ 

5) SOAҌ ᵀ  

҉̆ ╠ Ҭ̆ SOA ᵀ Һ №ҹ ԍ
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ᵀ ԍ ṿ ң Ȃ ֓ ῒᴨל

̔EC ≠ ᾝ ᵬҹ ╕̆ ῒ ԍ֜

SOAT ̆ᵖῒ‰ ᶭ ԍPOC/EC ̕WSOC

Ҭ ᵀ SOĂ ᵬ ᵖ

№̕ ᵣ Ҍ SOA ̆ᵖ

̕ -֟ ↕ Ҭ VOCs SOA֟

̆ ᵖ Ҍ ԍ Ȃ≠ ת Ҭ

№ ̆ ᶫ № ̆ ꜛԍ

SOA └ ꜚ ̆ᵖ ғ ̆ ғ ᾢ Ȃ

ѿ ̆ ԍ ṿ ̆ CMAQȁGEOS-ChemCAMx

̆ SOA № ̆ ῃ

҉ ᵀ SOA № ̆ᵖῒ ‰ ᶭ ԍ

Ȃ ֓ ԍΐᵣ ȁ

̆ ’ Ȃ ֓  1-8Ȃ 

 1-8  SOA Ҍ ᵀ  

Table 1-8 Comparison of Different Measurement Estimation Methods for SOA 

   ᴨ   

EC  

≠ ECᵬҹ ╕̆

POCҍEC

ᵀ SOA 
 

EC

ҍSOAT

 

ᶭ ‰

POC/EC̕ ᵞ

Ҍᶃ 

WSOC 
WSOC ᵀ

SOA 

̆

ꜚ

 

̕

 

ԍ №̕

SOA

№ 

ᵣ  
≠ ᵣ №

̆ SOA  

№Ҍ

 

ῃ ̆

 

֟

 

ᴆҊ

VOCs SOA֟  
 

ᶫ╠ᵣ

VOCs֟

SOAΐᵣ

 

Ҍ ԍ ᴆֽ̆

 

ת  

≠ ת

Ҭ

№  

ΐ

№ᾢ

 

ᵬ ̆

Ḃ̆№

̆

№ Ḥ  

Ҍ №

 

 

ᶏ ṿ

֟ SOA

ȁᴰ  
  

ᶭ ԍ

‰  
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1.6 ╦BVOCsғSOA ┼  

҉ BVOCsҍ SOA ̆ ԍ

̆ ΐᵣ ̆

ᵣ Ҭ↕ BVOCsҍ SOA ṿ ῏

̆ ṿ Ҍ ץ ף Ȃ

ԍ ᴆ ꜚ̆

№ ̆↕ᴪ ҹ Ẓ Ȃ ̆ץ

ѿ Ṣꜛ ≢ ῍ ץ̆ ‗ ҹ

ᴆ ץ ≢ BVOCsҍ SOA Ȃ ױ ҹ̆

BVOCsSOA Ҭ ΐ ֜ Ȃ ԍ ̆

ԍ BVOCsSOA ѿ Ҭ ⌠ ̆ ₮ѿ

̆ᶛ Ҍ ȁ Ҍ ֲ ꜚ Ҍ

ᴪ BVOCsҍ SOA Ȃ ῤ̆ ᵌ

ᶏ BVOCs SOA ֜ Ҋ ҹ ῤΐ

Ȃ 

BVOCs SOA ֜ Ҋ ץ Ȃ

ΐ ̆ל ץ

ӟ ̆ Ҍ ̆ ↓ ⅞№Ȃ ≠ῗ

(Toeplitz Inverse Covariance-based ClusterinğTICC̃ ץ

ᾝ ↓ Ȃ Ҭ̆ ץ ӊ

Ȃ Ҭ̆ ӊ ΐ ̆

ΐ ѿ ῏ Ȃ ̆ ᵬҹѿ

ԍ Ҭ ῏ ȁ ῏ ̆

̆≠ ῒז ΐ ץ ⌠ ‰ ⱬ̆׆

ᵀ Ҭ BVOCsҍ SOA Ȃ

Ҭ ’Ҋ̆ ӟ̂Double Machine Learning, DML̃ ץ

BVOCs SOA └ Ȃ 

1.7 Ӏ  

ҍ ӊ ῏ ̆ ῏

╠ ̆ Ṣꜛ ῐ ҉ Ȃ ̆ᶭ ᶫ

ҩ ᴨ̆ל TICC ԋ ľ Ŀ
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ῒᵬ ̆ҹ ԋ ᴆҊ └

῏ ᶫ ᶭ Ȃ 

Һ ҹԅ ᾧᴰ ץ̆ ҍ

̆ Ҋץ ̔ ѿ̆№ Ҭ BVOCsSOA

Ȃ ̆ ѿ ῤҌ Ҍ ᴆҊBVOCs

SOA ’Ȃ ҬBVOCsSOA Ȃ

↓ TICC ̆ BVOCsҍSOA Ҭ ᵝ Ҋ

̆ ᵬ ԑ└ ᵬ Ȃ ԋ̆

Ҭ BVOCsSOA ҍ └ Ȃ

῏ ҉̆ ̆

Ҭ BVOCsSOA ᵬ └Ȃ ҈ ῤ ԑ ῏ ̆

̆ ῀Ȃ ῏ ≢ ̆

ҹ └ └ ѿ ᶫ Ȃ

҈̆ └ ᵀ ῃ SOA Ȃ≠ ῃ

̆ ᵀ ╠ SOA ῃ № ̆ Ҍ

Ҋ̆ῃ ҍ ⁞ SOA ̆ҹῃ Ṝ ᶫ

Ȃ 

҉̆ ╠ֲ BVOCs SOA ҉̆≠

̆ ≢ Ҭ

̆  DML ᵀ └ ̆Һ Ҋ҈ҩץ ̔ 

 ̧ Ҭ BVOCsSOA ӊ ῏ ?ԋ

̂24h̃ ̂Ҍ ̃ῤ ̙ 

 ̧ └ └ ῒ └ ָӇ̙ 

 ̧ ῃ ҉̆ ѿ ’ ָӇ̙ Ҍ Ҋ SOA

̙ 

1.8 ӎ 

̆Ṣꜛ ᵝ ̆ ҉

№Ҭ BOVCsȁSOA 20228׆ ⌠20237

ҹ 12ҩ ᵝ ̆ ῐ TICĈ ↓

̃ҍ ̆№ Ҭ BOVCsSOA ῒ

└ └Ȃ ῃ ῤ BVOCsSOA
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└ └̆ ῃ ῤBVOCs ҹΐ

ӈ̕ ̆ ᴨ ̆ҹῃ

ȁ Ⱶ ᶫ ᶭ ̆ΐ

ᴪ Ȃ 

1.9  

Ҭ ₮ ҈ ̆ҹԅ ѿ ̆ ֓

ΐᵣ Ȃ 

1.9.1 BVOCsғSOA ⅎ  

Ҭ̆ ῏ ̆  

̆ BVOCs ץPM1ҹף SOA№ Ҍ ҉

ȂҺ ῤ ̔ 

1) ↓ ̔ Ҍ BVOCs

̆Ḡ ת ҍ ῒ

̆ ↓ Ȃ 

2) BVOCsҍ SOA № ̔ ↓

҉̆ ↓ TICC̆ ҍ  ̆

ץ ȁ ȁ ҹ ᵝ ̆

↓№ Ȃ 

1.9.2 ҲSOABVOCs  

ῤ ↓ ҉̆ ῀

↓ ̆ ױ ₮ Ẋ ̆ ľ ҬSOABVOCs

ҍ ĿȂҺ ῤ ̔ 

1) ԋ ̔ᶭ ѿҩ Ẋ ̆

SOA ᶏ BVOCs ᵞ̆ ԍ ̆

BVOCsSOA Ҋ ̕ 

2) ԋ └ └ ̔ᶭ ԋҩ Ẋ ̆

BVOCsҍ SOA ѿ └ Ҍץ̆ ῤ

ֲҹ ᵬҹ℗῀ ̆ ԋ Ҭ ᵬ └Ȃ 
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1.9.3 ҲSOABVOCs ┼ ┼  

ȁ ꜚ ̆

ӟ ̆ ῏ └ ̆№ BVOCs

└ ̆ Ҭ

ȂҺ ῤ ̔ 

1) ԍ BVOCsSOA ̔

̆ ҉̆ ṿ̆

↓ ҹ ̆ ȁ ᵀ₱ ̆

ԋ ̕  

2) ᴆ BVOCsSOA └ ̔

҉̆ ҩ ῏῏ ץ ↓

̆ ᵀ῏ ̆ ᴆ ԋ └̕ 

3) └ - ᵣ ̔ BVOCsSOA̓͂ ̆ ꜛԍᶷ

ҍ ֜ ̆ ᵀ ᴆ ̆

҉ ᴆ ̆ ץ ṿ ᵀ

̆ ₮ Ҭ ꜚ └ Ȃ 

1.9.4Ὴ SOA  

ץ └ ҹ ̆≠ ῃ ̆

ץ ֓ ╠ Ṝ ᴆҊ Ȃ 

Һ Ҭ ῃ SOA ̆ῃ Ҍ ’Ҋ SOA

ץ̆ ֲҹ ⁞ SOA ⁞ ᵬ Ȃ ̆

ץ SOAῃ Ṝ Ҭ ̆ҹ└

ᶫ ᶭ Ȃ 

҉̆  1-6Ȃ 
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 1-6   

Figure 1-6 The framework of the research 
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ԑ  ғ  

2.1  

ԅ BVOCs SOA └ ̆

ῃ׆̆ Ȃ ̆ ҹ BVOCs SOA

ᴆҊ  2-1 Ȃ ҹ̆BVOCsSOA

Ҭ ῤҌ ᴰ ̆ῒҬ ҍῒז

ץ ῀ ӊҬ[189]̆ ῏ Ȃ 

 

 2-1 BVOCs SOA Ҭ └  

Figure 2-1 Causal diagram of environmental constraints in the generation of SOA by 

BVOCs 

╠ ̆ Ҭ̆BVOCs ⌠ ȁ ҩ

ᵣ ץ ȁ ᴆ ̆ SOA ҍ

ᴆ ῏̆ №ҹҌ Ҍ ̆ BVOCs

SOA ̆ ץ ⌠ ꜚ ῏ Ȃ Ҋ

ӇẠ ̆ № ᴪ ץ

ᵣ ҉ Ȃ 

Z1ף BVOCs ῏ ̆Z2ף SOA ̆Xף BVOCs

̆Yף SOA ̆Uҹ Mȁֲҹ P

W̆ҹ BVOCsSOA῍ └ Ȃ (Z1ŕXŕ

YŕZ2, UŕX, UŕY)Ҭ̆ Z1ֽ  X Z2ֽ ҍ Y ῏ ғ₮ Y

ֲҹ
Anthropogenic 

pollutants

Confounding 

factors

BVOCs
Generation of 

BVOCs

SOA
Generation of 

SOA

ῤ
Endogenous plant 

factors

ȁ ѿ
Diffusion, further 

reactions

Meteorological 

factor
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ӊ ̆  Z1  Z2 Ҍ  Y  X ӊ ᴋᵥ ̆ Ӈ ױ ⁞ץ

֓ Ȃdo- [206]ѿ X Y ῏ ΐ̆do-

do(X=x) ץ ҉  X ҉ ⱴ ׆̆ ᵀ X Y

̆ ᴋᵥ X ̂  Z1  Ũ Ȃ ’Ҋ̆X 

⌠ Y ̆ Z1 Z2 YȂ ױ № ̆

 do- ̆  X ҹ ṿ x̆ ԅ X ҍῒ ̂Z1̃ ץ Yҍῒ

̂ Z2̃ ӊ ῏ Ȃ Ḥ Z1 Z2 Ŭ

Uṿ ̆ῒ ׆ ⌠ ̆ ҹ ױ

 X ӊ  Y ᵣ BVOCsSOA ̆ Ҋ ̔ 

  (2.1) 

̆ ױ ᴆҊ̆ ױ ץ ℗

BVOCsSOA ̆ ῏ ⌠ԅ U ҉̆ U

̆ Ӈ BVOCs SOA ᵬ ץ Ȃ №ױ ₮

ֲҹ NOxȁO3 SO2 ץ ȁ ᴆӊ

̆ ѿ֓ WȂ W ⁞ ̆ Ӈ

BVOCs SOA ᵬ ᴪ₮ Ẓṝ[207]Ȃҹԅ ׆

Ҭ Ḥ ̆ Ẋץ ץ ҹ ₱ W(X, Y, M, 

P)̆ ̂ ↓ TICC̃ U Ҍ ┴№ ₮ ̆

ץ ⁞ Ȃ [189]̆Ẋ

↓ῤ ̆TICCץ ⁞ Ȃ 

̆▼Ҋ U ԅBVOCs SOA Ҭ Ḥ ̆ ԍ

̂ᾣ ȁ ̃ ֲҹ (NOxȁO3 SO2) ғ

BVOCsҍSOA ̆ ֓ ץ ҉ Ḥ

̆ ҹBVOCs SOA └ Ȃ 

2.2  

2.2.1  

҉ ᵝ қ
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Ὲ ̂31.30278ÁN, 121.64167ÁẼҍ ̂31.69852ÁN, 121.35325ÁẼ

̆ №  2-2 Ȃ ȁҀ 1̆ 3-Ҁԋ ֲҹ

֟ ̆ᵖ ѿ Ҍ VOCs 1 %[208,209]̆ ԍᵝ ԍ Ҭғ ᵝ

ԍ   ӊҊ̆ ȁҀ 1̆ 3-Ҁԋ ԅ2 %̆ ҹ҈

№ ̆ ⌠ֲҹ Ȃ 

 

 2-2 ᵝ  

Figure 2-2 Geographic location of the observation station 

Ὲ ץ ֜ ҹҺ̆ 5 № ҹ

ֲ ̆ Һ ӓ ҹ ῌ̂Magnolia grandifloraȁ̃ ̂Cinnamomum 

camphoraȁ̃ ̂Ligustrum lucidum̃ ̆ ҹ 16̆ 0.6͘0.9̆

№ ҹ835 stems/hm2̆ ҹ6.9 m̆ ҹ8.2 cmȂ

ҹ ̆pHṿ ҹ7.5̆0͘ 10 cm ҹ1.28͘1.49 g/cm3̆

ҹ 0.6͘2.86 %̆ ҹ 22.79͘ 28.68 g/kğῃ ҹ

2.4͘2.78 g/kğῃ ҹ0.6͘0.65 g/kğ 2͘ 12 mm̆›

ҹ 5.75͘16 t/hm2ȂῈ ֜ ȁ ȁ ҙ ֲ̆

̆ΐ ү ֲҹ ῒז Ȃ 

ץ ֜ ҹҺ̆ 6 № ҹ ̆ 

Һ ӓ ҹ ̂Taxodium distichum var. imbricatumȁ̃ ̂Taxodium 

distichumȁ̃ ̂C. camphoraȁ̃ ̂Liquidambar formosanaȁ̃ ῌ̂M. 

grandifloraȁ̃ ̂Sapindus mukurossiȁ̃ ̂L. lucidum̃ ̆ ҹ

24̆ 0.7͘1̆ № ҹ 2141 stems/hm2̆ ҹ 13 

қ
PudongJinhai Station

Ҭ ҉
Shanghai, China

Chongming Island Station

10 km
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m̆ ҹ16.4 cmȂ ҹ ̆pHṿ ҹ7.5̆0͘ 10 cm

ҹ 1.18͘1.54 g/cm3̆ ҹ 1.85͘3.61 %̆ ҹ

28.77͘38.38 g/kğῃ ҹ 2.47͘3.26 g/kğῃ ҹ 0.68͘0.85 g/kğ

7͘ 42 mm̆› ҹ 2.56͘15.25 t/hm2ȂῈ ԍ ̆

Ȃ 

қ ң ≢№ץ ᵬ ҍֲ ף ̆ ң

ץ BVOCs SOA ̆ қ

ҍ ң  2-1Ȃ 

 2-1  

Table 2-1 Vegetation parameters of observation sites 

   

 

(Average Altitude) 
< 6m 3.5͘4.5m 

 

(Distance From Road) 
> 300 m > 500 m 

 

(Forest Age) 
16 years 24 years 

   

(Canopy Density) 
60 %~90 % 70 %~100 % 

№  

(Stem Density) 
835 stems/hm2 2141 stems/hm2 

 

(Average Height of Living Trees) 
6.9 m 13 m 

 

(Average Diameter at Breast Height) 
8.2 cm 16.4 cm 

 

(Leaf Area Index) 
3.2-4.5 2.7-4.1 

2.2.2  

Ḡ ῤ № ̆ ԍ

ѿ ῏ Ȃ ѿ ᵥ

ᴆҊ ԑᵬ ̆ № ץ ‰

Ҭ ׆̆ ҹ ῒ ᶫ [210]Ȃҹԅ

҉ ֓ [211]̆ ̆ ᾟ№

ԅ ῏ Ȃ 

ᵝԍ Ҭ   3m ̆ ᾟ ̆

BVOCs ̆ [212ï214]Ȃ ҬҌ ᴨ

ȁ  2-3 Ȃ 
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 2-3  

Figure 2-3 Schematic diagram of the construction of the monitoring system 

Ҭ ΐᵣ  2-2Ȃ 

 2-2 ῒ  

Table 2-2 Monitoring equipment and its monitoring parameters 

 

(Monitoring Elements) 

 

(Equipment) 

 

(Type) 

 

(Monitoring Limit) 

BVOCs (ů50 ): ԋ

(isoprene), Ҁ

(butene) , 

(pentene), 1,3-Ҁԋ

(1,3-butadiene)  

 ת

(Proton transfer reaction 

time-of-flight mass 

spectrometer) 

PTR-TOF-MS 

4000 

ԋ  0.79 ppb 

(minimum) 

Ҁ  4.02 ppb (minimum) 

 3.23 ppb (minimum) 

11,3-Ҁԋ 0.49 ppb 

(minimum) 

ῒז (Other 

atmospheric chemical 

pollutants, ů6 ): O3, 

SO2, NOx  

№  ת

(Nitrogen oxides 

analyzer) 

Thermo Fisher 42i 0ï0.05 to 100 ppb 

ԋ №  ת

(SO2 analyzer) 
Thermo Fisher 43i 

0ï0.05, 1, 2, 5, 10, 20, 50 and 

100 ppb 

№  ת

(CO analyzer) 
Thermo Fisher 48i 0ï1 to 100 ppb 

№  ת

(O3 analyzer) 
Thermo Fisher49i 

0ï0.05, 0.1, 0.2, 0.5, 1, 2, 5, 

10, 20, 50, 100 and 200 ppb 

SOA (31 ): 25 ɛm⌠32 

ɛm῍31ҩ

 

 ת

(Particle size 

spectroscopy) 

11-R GRIMM 

Germany 
0.1 ɛg/m3~100 mg/m3 

(Meteorological 

factor, ů8 ): ‪

(ground-level net 

radiation), 

(ground-level temperature), 

ꜚ  

(Automatic weather 

station) 
Yunchuang 

weather 

YCFEMO-M2 

‪ : ᾣ  0.3 to 60 

Õm 

 ( ῖ): 3 ÕV/W.mī2, 

№  < 2 W mī2 

: ī50 ÁC to +60 ÁC, 

 

(Gradient weather 

Emergent

 
Canopy

25 m

5 m

9 m

15 m

Meteorological 

observation tower

(Thermo Fisher 42i, 

43i, 48i, 49i)

Ҭ
Subcanopy

/

Understory

ת
PTR-TOF-MS

(Beijing Sdl Technology)

Environmental elements

(Yunchuang weather/Xianglan 

APS-3A)

BVOCs monitoring

ῒז

Other atmospheric 

chemical pollutants  

BVOCs

SOA

ת
PSS

(11-R GRIMM 

Germany)

NO X
O 3
SO 2

Observational 

boundaries
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(Monitoring Elements) 

 

(Equipment) 

 

(Type) 

 

(Monitoring Limit) 

(ground-level 

humidity) 

stations) Ñ0.2 ÁC, №  0.1 ÁC 

: ~100 % RH, 

№  1 % RH 

 

(Atmospheric 

precipitation and dust 

collector) 

Yunchuang 

weather 

Xianglan APS-3A 

- 

 

2) BVOCs  

ԍ ̆ Ҍ ᶏ

№ ᵞ ̆ӞҌ ᶏ Ȃ ̆

PTR-TOF-MŜ ̃ת ѿ №

̆ ԍ № VOCsȂ ԅ

̂Proton Transfer Reaction, PTR̃ ̂Time-of-Flight Mass 

Spectrometry, TOF-MS̃ ץ̆ ᶫ ȁ‰ № [215ï218]Ȃ 

PTR-TOF-MSҬ̆ ᾢ H3O+ ̂ ̃̆

῀⌠ѿҩ Ҭ Ȃ ֓H3O+ ҍ Ҭ VOCs

̆ ̆ H3O+ VOCs ѿҩ ̆ ҹ

VOCs ֪ ⱬ ԍ Ȃ ̆ ғ₃

ӍҌ֟ ̆ ᶏ ⌠ Ḥ ⱴ ȁ ԍ Ȃ 

№ ῀⌠ ҬȂת ̆ ⱴ ѿ

ҩ Ȃ ῏ ̆ ᶭ ԍ /

̂m/z̃Ȃ ̆ Ȃ ׆

⌠ ̆ ץ / ׆̆ ≢

Ҍ Ȃ [218] 2-4Ȃ 

 2-2 
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 2-4 PTR-TOF-MS  

Figure 2-4 Fundamentals of Intelligent PTR-TOF-MS 

ԅ PTR-TOF-MS 4000̆̂ת

֤ ̃ Ҭ ԋ ̂ 5 / Ȃ̃ ԍ ̆

PTR-TOF-MS 4000ᶫԅ № ̂ 4000 m/Ëm̃̆ ᶏ

‰ № ׆̆ ᾧԅ ṿ ̆ ԅ№

‰ Ȃ ̆ ̆

Ȃ 

⌠ ѿ ᴨ ̆ 50~100msῤ ≢ ̆

ԍ № ̂ᶛ ҙ

└̃ ῏ Ȃ ғPTR-TOF-MS 4000 ⱴ ̆ ᴆⱳ

Ӟ ⱴ ̆ ᾢ № ΐ̆ᶏ ץ

ᵬ Ȃ 

ת VOCs ̆ᵖ Ҍ ΐᵣ VOCsȂ

VOCs ҹ ȁ1,3-Ҁԋ ȁҀ ȁҘ ȁҀ ȁ Ҙ ȁ

ȁӘ ȁ Ә ȁ ԋ ȁ ȁ ȁ ȁԋ ȁ

Ә ȁԋ ȁҘ ȁ ȁ ȁ ȁ ȁ ȁԋ

Ҁ ȁӘ ȁҀ ȁ ȁ ȁԋ ԋ ȁ1,1-ԋ Ә ȁ

ȁ ȁ҈Ә ȁӘ Ҙ ȁԋ֒Ә ҈ ȁ Ә ȁԋ ȁӘ ȁ

1,3-ԋ Ҙ ȁ ȁӘ Ҁ ȁ ȁԋ ȁ҈ Ә ȁԋӘ ȁ

ȁ ҈ ȁ ȁԋ ȁԋӘ ȁ ѿ ȁ Ә ȁ

ԋ ȁԋ ȁ1,2,4-҈ ȁ ҈ ȁ1,2-ԋ Ә ȂῒҬ

Ṑ῀
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BVOCs ҹ 1,3-Ҁԋ ȁҀ ȁ ԋ ȁ ȁ ȁ ȁ ȁ

ȁ ȁ Ә ȁԋ ȁӘ Ȃ ԅ20228 ⌠20237

ѿ ̆ ҩ 24h Ȃ 

3) SOA  

̆ҹԅҍBVOCs ̆ғ

̆ Ҍ ᶏ ECȁWSOCᵞ ̆ӞҌ ᶏ

Ȃ Particle size spectroscopỹ̂ת

Ȃ ̆ Ҍ

Ȃ ԍ ҙ ѿҩ῏ ̆ ȁ

└╕ȁ Ȃ 

R GRIMM̆Germanỹ-11̂ת ̆

beta Ҭ32ҩ

̂ 6 / ̃̆ PM1(ף SOA)PM2.5 1ҩ⌠ 16

ҩȂ ת ץ Ȃ Ữ  SD  USB 

ꜚ ҉Ȃ 

[219,220]̆ ῀ Ҭ̆ ѿҩ ҩ Ȃ ֓

ѿץ Ḡץ̆ ף Ȃ ῤ

ѿҩ ᾣᾣ ῒזᾣ ̆ ԍ Ȃᾣ

῏ Ȃ Ҭ ᾣ ̆ᾣ ᴪ Ȃ

ȁ ᴪ ᾣ Ȃ ᾣ

Ҍ ѿҩ ҩᾣ Ȃ ̆ ᴪ ᾣ̆

ғ ᾣ ᴪ Ȃ ᾣḤ Ḥ ̆

֓Ḥ № ץ ҩ Ȃ Ҍ ̆

№ Ȃ  2-5ҹ Ȃ 

 

 2-5 11-R GRIMM ת  

Figure 2-5 Measurement Principle of Particle Size Spectrometer 11-R GRIMM 

ᾣ ᾣ

ᾣ
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4) └  

ңҩ ȁ ↕ᶭ ҉ ᵝ

ȁ ̆ 1min

ѿ Ữԍ Ⱶ ҬȂ ֓ ԍ ̆╠

BVOCsҍ SOA Ҭ ̆ ң

12-15 m ̆ ҈ Ҍ ѿ ῤ

Ȃ 

YCFEMO-M2 ꜚ ȁAPS-3A Ԑ⇔ 30m

ⱳ ѿ №̆ ԍῃ Ȃ ԍ

ᴰ ̆ ȁ ȁ ȁ ȁ Ȃ

ȁ ȁԋ ῒז Ҭ Ȃ

YCFEMO-M2 ꜚ ԍ ῏ ̆ ȁ Ṝ

ῒ ‰ Ȃ ױ ꜚ ᵬⱳ ̆

ᴰ ⌠Ҭ № Ȃ 

ᶏ ᾟ ῒז ̆ҹ BVOCs SOA Ҭ

└ ᶫ Ȃ 

2.3 ⅎ  

№ └ Python(Version 3.10)R(Version 

4.3.0)҉ Ȃ 

2.3.1 √  

ᶏ Python҈ ̆ 24 h ѿᴍḠ

Ҭ̆ ѿ ҈ ≠ ȂҌ ̆Ҍ

ᴍ Ȃ 

ԍ 12ҩ ̆ ҩ 24 h ̆≠ Pandas (Resample)

ҹ7 s Ḃץ̆ Ȃ ̆ ң Ȃ

ѿ̆ ṿ ╧ ץ ṿ ῃ̆

̔1̃ − ṿҍ ṿ̕2̃ [222]̆ ῃ

ṿ̆ 50 % Ҋׅ ΐ ẫ ̕3̃ ᵝ

̆ ҩ Ȃ ԋ̆ ҹ ҹת

Ḥ ̆ΐ ѿ ꜚ ̆ᶏ № № ̂Variational Mode 

Decomposition̆VMD̃ ̆ ҹ ȂVMD Ẋ
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№ Ҭ Ҭ Ḥ ̆ № ᴆ ᴨ

̆ ᵀץ Ḥ № Ҭ ץ № [223]Ȃ

Ҋץ ̔ ᴿ (Hilbert) ⌠ ҩ Ḥ ׆̆ ⌠

ҍ ⌠ ᵀ Ҭ ̆

Ḥ
1H  ᾣ ̆

2L  ̆ ᵀ ̆Ẋ

Ḥ ҹx(t), VMD ῒ№ ҹKҩ №  ό Ȃ ҉̆ῒ

₱ ץ ҹץҊᴨ ̔  

  (2.2) 

ῒҬŭ(t) ᾥã₱ ̆ӌ ̆÷k kҩ Ҭ ̆ 

Öt Ȃ ҉ ᴨ ᶏ ֜ ӗ ̂Alternating 

Direction Method of Multipliers̆ADMM̃ [224]̆ ֜ ᴨ № uk

Ҭ ɤk ᴨ Ȃ 

̆ ҩ № ᴆֲ̆ҹ ל

ѿ № Ȃ ̆ѿ ╝ ԅ ל ׆̆ꜚ €

῏  Ȃל

2.3.2  

≠ῗ (Toeplitz Inverse Covariance-Based Clustering, 

TICC)ѿ ↓ ̆ ≢ ֓ΐ

ᶭ ȂTICC ∆ ⱴ ̆

≢ ↓Ҭ Ҍ ҹ Ȃ 

TICC ҩ ӈҹ῏ (Correlation network)

(Markov random field),ץ ҬҌ ṿӊ ԑᶭ ׆̆

ԅ Ȃ ҩ ת SOA ̆

ת VOC ץ̆ ῒז Ȃ ҈

ԑ῏ ȁ ԑᵬ ԅ ↓ ̆ ԍ

̆ ԍҌ ̆ ף↓ Ҍ Ȃ 

Ҋ ҩ ᴆ ᾝ ↓̔ 

  (2.3) 

ῒҬxorigҹ ↓̆ῒҬ Tҩ ̆nҩ Ȃ

׆ Tҩ Ҭ ⌠ ῏ ῏ Ҍ ↓Ȃ 
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Ẋ ᾝ ↓ ԍ ᴪḠ ѿ Ҍ ̆

ᴪ ҩ ῤ ̆ ҍ ῏Ȃ

⌠ ↓ ԍ ҩ Ȃ ῀ Toeplitz

̆ ԍ ҩ ӊ ῏ iQ̔ 

  (2.4) 

҉ Ҭ̆A(0), A(1),é, A(ɤ-1)ŗRmĬn, Aij(0)( A(0) Ҭi j↓ ᾝ ף(

╠ ┴i ҍj ᶭ ῏ ̆ᶭ Ȃ 

̆ Ɓi ҹ Toeplitz̆↕ Ḡץ Ҭᾝ

ҹҌ ԑᶭ ῏ ̆ ԍ ̆↕

ṿ ᶭ ῏ Ḡ Ҍ ̆ TICC Ҍ Ȃ

K ҩ Ὸ ῸȟῸȟȢȢȢȟῸ  ῒ№ ὖ ὖȟȢȢȢȟὖ  ̆

̆ ᵣ ₱ ӈ Ҋ̔ 

  (2.5) 

҉ Ҭ̆ Ḡ Ɓ ̆ ᵞ ѿ Ȃ

̆ҹԅ Ḡ Ҭ Xiī1ץ Xi ѿ ̆ ᶏ ѿ

̂Temporal consistencỹ̆ ‍ρὢ ᶱὖ ℗ ṿ̂ɓҹ Ȃ̃ ̆

ᵌ ᵀ ̆Ḡ ₱ В ЉЉὢȟɡᶰ ̆ῒҬЉЉὢȟɡ ҹ̔ 

  (2.6) 

ᵌ Ҭ ̆

ADMM Ȃ ⌠ ↓҉ѿ ↓ Ȃ  2-6ҹ

Ȃ 
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 2-6 TICC ↓⅞№ҹѿ ↓  " "̂  AȁB  C̃Ȃ ҩ ѿ

ҩMRF Ȃ  MRF └ ԍ ῤᴋᵥ ̂ Ҍ ̃ № ῏

Ȃ 

Figure 2-6 TICC method segments a time series into a sequence of states, or clusters 

(i.e., A, B, or C). Each cluster is characterized by a MRF, defined over a short window of size 

w. This MRF governs the (time invariant) partial correlation structure of any window inside 

a segment belonging to that cluster. 

ᾢ TICC Ҍ ⁞ץ̆ Ẓṝ̆

҉Ῥ ѿ № Ȃ 

2.3.3 ғ  

№ №ҹ № ңҩῤ Ȃῒ

Ҭ ̆ ҩ ‰ Ȃ

̆ TICC╠ ‰ ’̆ Ӟױ ץ TICC

Ȃ 

1) ҍ  

ԍ ̆ ױ ῏ Ȃ 

Ẓ ῏ (Partial Correlation, PAR)ѿ ԍ ῏ ̆

ץ ҈ ׆̆ ңҩ ӊ ῏ ȂẒ

῏ ңҩ ӊ ̆ └ῒזѿҩ ҩ ̆▼ᵩ῏

ѿ Ȃ ԍ № Ҭ ҈ Ȃῒ Ҋ̔ 

  (2.7) 

ῒҬ̆ɟX,Y X Y ῏ ̆ɟX,Z ɟY,Z№≢ X Z̆ ץ Y Z

῏ Ȃ 

ᴆ ῌ  (Conditional Granger Causality, CGC)ѿ ԍ

̆ ץ ׆̆ Ȃ ѿ
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ԍ ↓ ̆ ԍ ῒז ’Ҋ̆ѿҩ

ᶫ῏ԍ ѿҩ ṿ Ḥ Ȃ ̆CGC ᴆ ᴆ

↓ ӈȂ ῒז ’Ҋ̆ᶏ ѿҩ

ץ ⁞ ѿҩ ̆ Ӈ ץ ҹ ῌ ῏ [226]Ȃ

ῒ Ҋ̔ 

  (2.8) 

ῒҬRMSEx RMSExyҹ ⱴ YḤ (Root-mean-square 

erroe)Ȃ ӈ Ҋ̔ 

  (2.9) 

ҬXiҹ i ṿ̆ ҹ ṿ̆Nҹ Ȃ 

֜ (Convergent Cross Mapping, CCM)  ѿ ԍ

̆ Һ ԍ ↓ ̆ ≢

Ṝ ȂCCM ѿҩꜚ ‰

ѿҩ Ȃ ꜚ Ҭ̆ ңҩ ԑᵬ ̆ ױ

̂ ̃ ῏ԍ Ḥ ȂCCM № ѿ

ҩ ᵥ ⌠ ѿҩ Ḥ Ȃ 

̔ ᾢ̆ҹ ҩ ῒ Ȃ ⌠≠

῀ ׆ ↓Ҭ Ȃΐᵣ ̆ ԍ  X̆ ῒ

ץ ὢᴆὸ ὢὸȟὢὸ †ȟȢȢȢȟὢὸ ά ρ† ̆ῒҬŰ

̆m ῀ Ȃ ֜ ̆ᶏ ѿҩ

ѿҩ ╠ Ȃΐᵣ ᵬ ̆ ԍ t̆ᶏ X

Ҭ ⌠ҍ Y  t Ȃ ≠ ῏ № ̆

ṿ ṿӊ ῏ ᵀ ‰ Ȃ X ‰

Y̆ ↕ X Y Ȃ ῏ Ҋ̔ 

  (2.10) 

ῒҬ̆ ᶏ X Y ṿȂ 

ᾝ֜ ̂Multivariate Transfer Entropy, MTẼ ѿ ԍḤ

̆ ԍ ѿҩ ⌠ ѿҩ Ḥ ꜚȂ Schreiber2000

₮ ֜ ̂Transfer Entropỹ [229]̆ ӊ Ḥ
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ᴰ ȂMTE ≢ ԍ№ ≢ ҩ ӊ ῏ Ȃҹԅ ֜

̆ ᵀ ҩ № ̆ Y t+1 ңҩ

t Ȃ Ҋ̆ῒҬpף № № ̔ 

  (2.11) 

-ᾥ ᾥ ᴆ (Peter and Clark momentary conditional 

independence, PCMCI) ѿ ԍ ᴆ ̆ ץ

ȁ ȁ ↓ [230]Ȃ ̆

ѿҩ Y ԅῒז X ׅ̆ ҍX ᴆᶭ

῏ ̆ Ӈ ҹ Y X PCMCI ῏ ȂPCMCI ᶏ

⁞ Ṝ ̆ ᶏ ᴆ ₮ ῏ Ȃ

̆ ԍ ̆ Ҍᶏץ MCI ̆ ᶏ PC

Ȃ ԍ ῏ ̆Ӟ ᶏץ PCMCI+

PCMCI(Latent PCMCI, LPCMCI)Ȃ 

PC ҹᶏ ᴆ ≢ ȂPC

ץ ҹ̔ 

 ̧ ∆ ̔Ẋ Ȃ 

 ̧ ᴆ ̔ X Y̆ ῒז Z ᴆҊ

X Y Ȃ 

 ̧ ╝⁞̔ ᴋᵥ ᴆ ZҊX Y ̆↕− X⌠Y Ȃ 

MCI PC ҉̆ ҩ ᴆ

ץ̆ ѿ ӊױ ῏ ̆ Ҋ̔ 

  (2.12) 

ᴆ ̆Ű ̆ų Ȃ 

PCMCI Ҭ ₮ ̆

ȂҌ ᴆ ‰ Ȃ

ױ PCMCI ̆ ᴪ ≢

Ȃ 

2) ҍ  

ԍ ̆ ױ ᶏ Ҍ ץ ᴨ

ᵀ ̆ ȁ ӟȁ

ӟ ӟ Ḡץ̆ [231]Ȃ ῏₱

scikit-learn[232]Ȃ 



҉ ֜ ᵝ                                                                                      ԋ  ҍ  

52 

 

̂Linear Regression, LRȁ̃Lasso(̂ Least Absolute Shrinkage 

and Selection Operator̃)ȁ (Ridge)ȁ ̂Support Vector 

Regression, SVR̃ ȁK ̂K-Nearest Neighbors, KNNȁ̃

̂AdaBoostȁ̃ (Gradient Boosting)ȁ (eXtreme 

Gradient Boosting, XGBoost) ̂Multi-layer Perceptron, MLP̃

ӟ ̆ Һ ԍᵀ (Estimation)῏

Ҍ (Prediction) ̆ ֓ ӟ ֽᵬ

ҹ№ ᵀ ѿ №ᶏ ̆Ҍᴪ ׃ ῒ Ȃ 

̂1̃  ӟ  

ӟ ԍ ԅ ₱ ̆ ԅ ӟ ̆

ѿ ֓ Ẋ ҹ [233]̆ Ȃ 

LRẊ ṿҍ ӊ ῏ Ȃ ⌠ѿҩ ᶃ

Ȃ ҹ̔ 

  (2.13) 

ῒҬ y ̆x ̆ɓ ̆ⱦ Ȃ

ӟ Ҭ̆ѿ Ҋ (Gradient Descent Optimization Algorithm, GDOA)

ᵀ ṿ[234]Ȃ Ҭ̆ ױ ᶏ ᵬҹ ₱ ̆ῒ

ҹ̔ 

  (2.14) 

ῒҬ m ̆ώ ώҹ ṿ ṿӊ ̆ɓ Ȃ 

GDOA῏ ԍ ₱ ῏ԍ ҩ ̆ Ẓ Ȃ ԍ

̆ Ҋ ₮̔ 

  (2.15) 

ῒҬ̆xij iҩ jҩ ṿȂ 

Ҭ̆ף ɓ ῒ ⌠ ⌠ ף

ᴆ̆ ↕ Ҋ̆ῒҬŬҹ ӟ ̔ 

  (2.16) 

Lasso LR ҉̆ ⱴ῀L1↕ ̂ ṿӊ ̃

׆̆ [235]Ȃ Ҋ̔ 
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  (2.17) 

Ridge ⱴ῀ L2 ↕ ̂ ̃ └ ̆

[236]Ȃ Ҋ̔ 

  (2.18) 

(2.17)(2.18)Ҭnҹ ̆X ̆ῒᵩҍLR Ȃ

ӟҬ̆ ᶏץ Ҋ ȁGDOA ᴨ ҉

₱ Ȃ 

̂2̃ ӟ  

ӟ ₱ ҌẠ Ẋ ̆ ץ

₱ ̆ ғ‰ ̆ᵖ [233]Ȃ 

SVR≠ Ҭ ⌠ ᴨ ̆ ᶏ

№ ᵝԍ ӈ ῤȂ ץ ⌠ѿҩ

Ҭ̆ ↕ ₱ ᵀ [237]Ȃ

ΐ ⱬ̆ᵖ ₱ ̆ғ

Ȃῒ Ҋ̔ 

  (2.19) 

ԍῒҬ ₱ ̆ ᶏ Ŭ ɓ ̆ῒ

ׅ ̆ל ғ ₱ Ҍ ᶏ ῒ Ȃ

₱ ₱ ̂Radial Basis Function, RBF̃[238]̔ 

  (2.20) 

ᴁὼ ὼᴁ №≢ Ҭ ңҩ x  xł ₃ ̆ ɔ

№ Ҭ ҹς„ ṕ ̆ů ҹ Ȃ≠ ₱ יּ k

̆ ῀ᴁὼ ὼᴁ В ὼ ὼ ̆ ⌠̔ 

  (2.21) 

֓k x xł ̆ғ ҩ

ȂRBF ⌠ѿҩ ̂ ҉

̃̆ ԅ Ȃ ᶏ ᶏ

Ҭ Ҍ № ̆Ӟ ץ Ҭ Ȃ 
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KNN ѿ ԍ ↕ ̆ Ҍ ᾢ

̆ ҍ ӊ ᵌ [239]Ȃῒ

Ҋ̔ 

 ώ В ώ (2.22) 

ῒҬk ̆yi ṿȂ 

Ӟ ץ ץ ̆↕ ҹ K ṿ̂K-Means̃[240]ȂK-

Means ѿ ̆ ԍ ⅞№ҹ KҩҌ ̆ᶏ ῤ

ᵌ̂ ⁫̃̆ Ҍ ̂№ Ȃ̃ ԍ

Kҩ ᵬҹ Ҭ ̆ ף Ҋңҩץ ̆ ᾢ ҩ №

Ҭ ̕ӊ ҩ Ҭ Ȃῒ ҹ̔ 

  (2.23) 

ῒҬɛi(t) t Ҭף i Ҭ ̆Sף iҩ

Ȃ ף Ҭ ҹ̔ 

  (2.24) 

ӟ ף ⱴ ᶃ ӟ ӟ ̆ ѿ

ӊ╠ ӟ Ȃ ӟ ѿ ҹ‗ (classification and 

regression tree)̆ ѿ ̆ ѿ ↓ №

ṿȂ ҩῤ ѿҩ ̆ ҩ№ ף ѿҩ ̆

ҩ ף ѿҩ Ȃ ̆ ᾢ ᶃ№◓̆

ҩ ̆ ῒ ℗№ ץ̆ ⌠ ᶃ

№◓ Ȃ ԍ ̆" ᶃ" ңҩ ₮ṿ

̂ ̃ №◓Ȃ №◓ ‰̆ ᶏ №◓ ‰ҹ

̂Mean square error, MSẼ ⁞ Ȃ ֓ ‰ ᵀԅ№◓╠

Ȃ №◓̆ ᶃ№◓ ̆ №◓ ңҩ ̆

ѿ ҩ ҉ ̆ ⌠ Ả ᴆ̂ ⌠ ȁ

Ҭ Ҍ Ҋ ⌠ ҩ ṿץҊ Ȃ̃ 

AdaBoostȁXGBoostGradient Boosting№≢ Ҍ ‗

ȂAdaBoostѿ ҍ № Ȃ

ⱴ ‗№ ̆ ҩ ᶷ ԍӊ╠ № ᶛȂ ҩ

ᴪ ԇѿҩ ̆ ῒ Ҭ Ȃ Ҭ MSEγ

ᴪ⁞ ̆ MSE ᴪ ⱴ[241]Ȃ (xi, yi)̆ ῒҬ i=1, 
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2, ..., N̆∆  wi = 1/NȂ ԍ ѿҩ  t =1, 2, ..., T̔ ף

 ̧ ѿҩ ӟ  ht(x) ⱴ Ȃ 

 ̧  

 ̧ ӟ  

 ̧  

⌠ ̆ ҹ Ȃ 

Gradient Boosting Ӟ ѿ ף ̆ᵖ ѿ ᴨ

₱ [242]Ȃ ѿ ѿҩ ӟ ╠ѿҩ

Ȃ 

₱ L(y, f(x))̆∆  f0(x) ̂ᶛ ṿ Ȃ̃ ԍ

ѿ t = 1, 2, ..., T̔ 

 ̧ ̂ ᵀ ̃̔  

 ̧ ѿҩ ӟ ht(x) rit 

 ̧ ̆ῒҬ’ ӟ  

XGBoost  Gradient Boosting ᴨ [243]̆ⱴ῀ԅ ↕ └

׆̆ ᾧ ȂXGBoost ᴨ ԅ ̆

ȂXGBoost ₱ ң №̆ѿ № ᴰ ₱ ̆ ѿ

№ ↕ /ÂÊВ ὒώȟὪὼ В ɱὬ  ȂῒҬ ɱ̆Ὤ ‎Ὕ ‗᷆

ɔ̆᷆‫ ɚ ↕ ̆T ̆ɤ Ȃ 

҈ ҩ ӟ ѿҩ ӟ Ȃױז

≢  2-3Ȃ 
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 2-3 ⌠ ҈ ӟ  

Table 2-3 Comparison of the three integrated learning methods used in the study 

/  AdaBoost Gradient Boosting XGBoost 

 

̆

ⱴ ̆

ҩ Ғ ԍӊ╠

ᶛȂ 

ⱴ

₱

Ȃ 

Gradient Boosting

̆ ↕ ץ ᾧ

Ȃ 

└ 

ⱴ ̆

Ҭף ⱴȂ 

ѿ ѿҩ

╠ѿ Ȃ 

↕

₱ Ȃ 

 ῤ  ῤ   

ṿ   ῤ ṿ 

↕    L1 L2 ↕  

ᴨ  

̆ ̆ ꜚ

ᶛ

Ȃ 

ⱬ̆

ᴨץ ᴋ №

₱ Ȃ 

̆ ̆

̆

Ȃ 

 
ԍ

ṿȂ 

̆

Ȃ 

̆∆

ҹ Ȃ 

 
ғ

‪ Ȃ 

ԍ

№ ̆

ҬȂ 

̆

Ȃ 

 

̂MLP̆Multilayer Perceptroñ ѿ ԍֲ

(Artificial Neural Network̆ANNs) ̆ ῀ ȁ ₮

̆ ᴰ Ẓ [244]Ȃ ץ ᵌ

ᴋ ₱ ̆ғ ץ ̆ᵖ ̆ғ

῀ ᴨȂMLP ҈ Һ ̔ ῀ ȁ ₮ Ȃ

῀ ̆ ̂ ץ ҩ ̃̆ ₮ ֟

ȂMLP ҩ ӊ ̂ ᾝ̃ ῃ ̆

ҩ Ҭ ҩ ҍ╠ѿ Ȃ 

ױ ѿҩ ̆  100 ҩ ᾝ MLPȂᶏ

₱ ḱ ᾝ(Rectified Linear Unit, ReLU)ȂReLU₱ ᶫԅ

ⱬ̆ ꜛ⁞ ̆ ף ӟ Ҭ ₱ Ȃ

ᶏ ᵀ (Adaptive Moment Estimation, Adam)[245]̆

ѿҩ ԍ Ҋ ᴨ ̆ ≢ ԍ ȂAdam ӟ

̆ ԅꜚ  RMSprop ᴨ Ȃ 

ҩ ᾝ ₮ ῒ ῀ ⱴ ̆ ѿҩ ₱ ȂẊ

ѿҩ ῀ ȁѿҩ ѿҩ ₮ ̆ ῀ ׆ ῀ ⌠
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ҹ̔ 

  (2.25) 

ῒҬ̆x ῀ ̆W[1] ῀ ⌠ ̆b[1]Ẓ ̆

g[1] ₱ ̆z[1] ⱴ ῀ Ẓ ̆a[1] ₱

₮Ȃ 

⌠ ₮ ҹ̔ 

  (2.26) 

ῒҬ̆W[2] b[2]№≢ ⌠ ₮ Ẓ ̆g[2] ₮

₱ Ȃ 

╠ ₱ ReLŬ ҹ

ᾧ Ȃῒ ҹ: 

  (2.27) 

ᶏ Adam ӟ̆ ᾢ ѿ ᵀ ̔ 

  (2.28) 

ῒҬmҹ ᵀ ṿ̆ɓҹ Ȃ ԍmt vt ∆ ҹ 0̆ ᶏ ֓

ṿᴪ Ẓ ̆ ῒ ∆ Ȃҹԅ Ẓ ̆Adam͂ ԅẒ

└̔ 

  (2.29) 

ῒҬtҹ ף Ȃ ̆ᶏ Ẓ ѿ ԋ ɗ̔  

  (2.30) 

ῒҬ̆ɖ ӟ ̆ⱦ ѿҩ ̆ ץ ̂  10ī8⌠ 10ī10

ῤ Ȃ̃ 

Adam ⁞ ṿ ꜚ ҩ ӟ

̆ ꜛԍ Ȃ Ẓ ̆Adam ∆

ץ ῒᵀ ̆ ȂAdam ҹ Ҭ ̆
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ғ ԍ €ᴨ Ȃ MLP

Ȃ 

2.3.4 ┼ ┼ ғ  

╠ BVOCs SOA Һ └ ̆ ֲ

ҹ ᴆ Ȃ Ҥ ֓ ̆ ΐף

№ ̆ ῒ Ȃ 

TICC ↓⅞№ ↓ K-Means ץ̆

SOA ≢‰ Ȃ ױ ̆҉ ᵀ

̂BVOCs̃ ̂SOÃ └ ̆ Ҍ NOxȁ

O3ȁSO2ȁ ȁ ᴆҊ῏ ̆ SOA

῏ ̆ ֟ Ȃ

ӟ(Sparse Linear DML) ץ№ ғΐ ֜ԑᵬ

└ ̆Sparse Linear DML ѿҩң ̆ῒҬ ѿ

ᶏ ӟ ׆ └ Ҭ Ȃ

ᾛ ԋ Ҭ ⌠ └ Ȃ 

(2.31)̆  └ ֟ ̆ ֲҹ NOxȁO3ȁSO2

ץ ȁ ̆ ֓ └ ԋ ȁ1̆ 3-Ҁ

ԋ ȁҀ 4ҩ BVOCs ץ PM1ҹ SOA

̆ ױ ᵀ BVOCs ᴆ ̂CATẼ ̆

ѿҩ Ȃ  ҹ └ ̆ Ҭ  ҹ

̆ TICCҍ K-Means ̆ ҍ ᴍ̆ └Ҍ

Ҋל Ȃ₱ ᶏץ   ᴋ ӟ

ױ ᵀ ̆ ԅ ̆ ԅ № Ẋ

Ȃ   ҹᵀ ̆ Ẓ ᴆҊ  ҍ

 Ȃ  ҍ  BVOCs   ᵬ

׆̆ BVOCs SOA └ ̔ 

  (2.31) 

ᵀ ̆ ֜ ᵀ (Neyman orthogonal estimation) ȂẊ

Lipschitz₱ ̆ ᵀ (2.32)̔ 
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  (2.32) 

̆ ᵀ   ῃ ̆

 ҍ  Ȃ Ẋ ҹ ῏ ̆ (2.33)₱ ̔ 

  (2.33) 

 €ᴨ ̆  ̆ ץ ↕ Ȃ ױ

Ẓ ᵀ (Debiased Lasso) ̆ῒҬ  Ȃ

ҍ Lassoᵀ Ҍ ̆Debiased Lassoץ ᶏ Lassoᵀ ҩ

Lasso Lassoᵀ׆̆ Ҭ ₮ѿ֓ Ẓ ̆

׆ ᵀ Ȃ 

ԍ ᵬҹױ 4 BVOCs ҹ ̆ ᵀץ ץ

Ẓ ҹҺ̆≠ ̆ ̔ 

 (2.34) 

̆  ҍ  M̂SẼȂᶏ ֜ ,  ҹ

̆ὑҹ֜ ̆ ᶏ ὑ ὑ  

  (2.35) 

ҹԅ ᾧ ᶭ ץ ῍ ̆ ץ   ӟ

̆ Debiased LassoȂ

№ ᶏ ῍ ῏ ̆ӞҌᴪ ⌠

BVOCs SOA ᵀ Ȃ ‗ԍ ̆ѿ ̆

ᵀ ҍ ҹ  ̆

№ (Partial linear model) 0 Ȃ

Ẓ ᵀ Ȃ ̆   ᴆҊ̆ ҹ†Ὕȟὢ ̆

ԍ ̆ ױ ץ ҉ ᵝ ⱴ Ẓ Ћ†ὝȟὢȂ 

≠ⱴ ̂Shapley Additive Explanations, SHAP̃ ѿ

ӟ ̆ ԍ ᵬ Ҭ ≠(Shapley)ṿ[253]ȂSHAP ʟ

ԅѿ ҩ ̆ῒ ᶫ

ȁῈ ȁѿ ȂShapleyṿ Ὲ № ᵬ

Ҭ ῍ ⇔ ľ Ŀ ҩ Ȃ ӟҬ̆ ץ ѿҩ
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ҹѿҩ ᵬ ̆ῒҬ ľ Ŀ ῀ ̆ ľ Ŀ

₮ҍ ₮ ṿ[254]Ȃ 

ᵀ ̆≠ SHAPT ֓ BVOCs SOA └

̆ (2.36)ȂῒҬ ѿ

ӊ Ὲ № Ȃ ѿ Debiased Lasso₱ Ȃ

̆ └ Ȃ ҹ׆ Ҭ ↓ ̔ 

  (2.36) 

BVOCs SOA Ҭ Һ ֲҹ └

̆ ױ SHAPṿ ̆ ץ ᵀ └

ΐᵣ ҍ └ Ȃ 

2.3.5 ┼ ┼ ᴮ  

Ḥ ‰↕̂Bayesian Information Criterion , BIC̃‗ TICC ̆

BIC ҹ ⱴ ̆ῒҬ ҍ Ҭ Ȃ

ꜛԍ ᾧ ̔ ̂ᶛ ̆ TICCҬ ̃̆

ᴪ ̆ᵖῒ ҉ ⱬ ᴪ

Ҋ ȂBIC └ ѿ Ȃל Ὲ Ҋ̔ 

  (2.37) 

ῒҬ̆nҹ ̆pҹ ̆ ҹ ᵌ ᵀ ̆ ╠ TICC

Ҭ̆ № ̆ ᵥ ֓ Ȃ BICҊ ᵞ

ῒ ҹ ᶃ Ȃ 

ṿ(Average of Squared Distances, ASD)‗ K-Means

[255,256]̆ Ci ԅniҩ ̆↕ Ҋ̔ 

  (2.38) 

ҹ x y ӊ ̆ ҩ ԅ ҩ ῤ

ӊ ṿ̆ Ȃ Ҭ̆ ץ

Ҍ kṿ  ASD(k)Ȃ ҉̆ k ⱴ̆ ҩ ῤ ⁞

׆̆  ASD(k)ᴪ⁞ Ȃᵖ k ⱴ⌠ѿ ̆ASD(k)Ҋ ᴪ ̆

ԍ Ȃ ̆ ץ ľ Ŀ( ASD(k) )

ᶃ kṿȂ ӊ ̆ ⱴ ԍ⁞ ᴪ

⁞ Ȃ 
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̆≠ ᴨ ̂Bayesian Optimizatioñ[257]̆ᶏ

҉ ̔ 

  (2.39) 

ῒҬ  ѿҩ ῀ ₮ ̆ ᵀ ῤ

ᴨ ᶏ ₮ MSE Ȃף ₱ ѿҩ ᵌ ̆

ԍ ᴨ Ҭ ₱ Ȃ ᴨ ᶏ ѿҩף

ᵌ ₱ Ȃ ף ̂Gaussian Processes, 

GP̃ȁ ȁ Ȃ ѿ ̆ ҹ

ᵀ Ҍ ̂ ᴋᵥ ₱ ṿ ץ ҩ Ҍ Ȃ̃ 

̆≠ GP ̆ ₮

₱ Ȃ ӈ ₱  50-100 ף ̆

̆ ᵀ ₮ ᴨ Ȃ 

 ԍ ѿ ̆  ҹ ҍ   ̆

ԍ ̆↕ ӈҹ: 

  (2.40) 

Debiased Lasso̓͂ ᴪ ₮Ҍ MSEȂ ̆ל

ץ ᴨ Ȃ 

2.4  

ת ῏

ᴆ ̆ ת ᵝ 7-13m   3mῤ

ῤ̆ BVOCs ̆ ҍ

ҬSOAꜚ ῏ Ȃ 300-500m̆ғῤ ֲҹ ̆

ֲҹ ҹ ῀ ̆ ԅ

῀ Ȃ ԍ ԋ BVOCs̆

ȁ ῒז VOCs̆Һ ԍ׆ BVOCs ғ

ΐ ף ̆ ӟ ԅ BVOCsῒזVOCsף

̆ № BVOCs SOA ῒҍ ᴆ ̆ ⌠ԅ

R2ҹ0.99 ‰ Ȃ 
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2.5  

̆ ᵬ№  2-7 Ȃ 

 

 2-7 №  

Figure 2-7 Detailed application process of analytical methods 
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Ҏ  BVOCsSOA  

№ Ҭ BVOCsSOA Ȃ

BVOCs SOA ῏ ̆≠

̆ ץ ԍ Ȃ ̆ ѿ

ῤҌ Ҍ ᴆҊ BVOCsȁSOA ῒז ’Ȃ

ҹ№ Ҭ BVOCs TVOCs ᶫ Ȃ

ҹ№ BVOCs SOAᵬ Ȃ ῒҬ̆

ѿ ̆ᵖ Ҍ Ȃ ѿ ӊῤ

̆ΐ ̆ ῒ 24 hῤ Ȃ ץ

ᴍᵬҹ ץ̆ ᵣ ṿ ῒӊ ҹ№ Ȃ 

3.1 BVOCsғSOA  

3.1.1 ָ BVOCs  

ֲ 24 h BVOCs ’  3-1̆ ῒҬ

ΐᵣ ȂBVOCsѿ ồ 19̔00-21̔00 ⌠ ṿ̆ ṿ

4 ɛg/m3-15 ɛg/m3ӊ ̆ TVOCs ⌠5 %-20 %ӊ Ȃ 2022

8 ȁ9 ȁ10̆2023 6 7 ȁ Ҭ̆ ₮

ṿ ғ ṿ TVOCs ᶛ ̆ѿ 10 %-20 % Ȃ 11⌠

2 ‏ ̆BVOCs ғ ᵞ̆ѿ 0 %-5 % Ȃῒז

VOCs BVOCs ל ̆ VOCs ΐ ѿ

Ȃ 

ԍԋ BVOCs ̆ ץ ₮̆ ԅԋ ̆ῒᵩ BVOCs

₮ Ȃ BVOCs ΐ Ȃ ṿӊ ̆

BVOCsḠ 6-10̆ל ѿ Ḡ 0.5-6 ɛg/m3ӊ ‏̆ ↕ ᵞ

0.5⌠0.7 ɛg/m3ץҊ̆ ̆ ᴍ ԍ‏ ̆ῒBVOCsꜚ ל

ⱴ ̆ғ ̆ ῀ BVOCsSOA ῏ ̆

Ȃ 
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 3-1 BVOCsȁTVOCs BVOCs TVOCs  ל

Figure 3-1 Daily trends of BVOCs, TVOCs and BVOCs as a proportion of TVOCs in 

the Jinhai region 

3.1.2 ָ VOCs  

⌠ BVOCs TVOCs ᶛ  3-2Ȃ׆ Ἕ҉

̆ № ῤ̆BVOCs ₮ ῤ ̆

֓ ῤ ⌠ ̆ ῒז ↕ ᵞȂ ԋ ῇ ᴍ

̆ ⌠ VOCs 15 % ̆ Ҭ ⌠ ṿȂ ᴍҬ̆Һ

BVOCs Ҁ ȁ ԋ ȂҌ BVOCs

ҍ ѿ ̆ BVOCs ồ ̆ᵖ

̆ ԍֲҹ VOCs Ӟ ѿ ῏ Ȃ 
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 3-2 BVOCs TVOCs ᶛ  

Figure 3-2 Observation of daily changes in the proportion of BVOCs to TVOCs in the 

Jinhai 

ֲҹ VOCsӞ ῤ̆  3-3̆ ⌠ VOCs

Ȃ҉ץ% 60-% 40 BVOCs TVOCs № ᴍ Ҍ ֲҹ

VOCsȂῒזVOCsҬ ȁ ȁ ̆ ԋ ȁ

Ȃ ֓ VOCs ̆ᵖ VOCs

₮ ̆ ץ ̆ Ҭ ᶏ

№ץ ̆ SOA Ҍѿ Һ [258]Ȃ ῇ ̆

ԋ ⌠ VOCsҬ ̆ῒ 1,3-Ҁԋ Ȃ 
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 3-3 VOCsTVOCsɒ  

Figure 3-3 Jinhai observes daily changes in the ratio of VOCs to TVOCs 

3.1.3 ָ SOAғῚל  

PM1ҹץ SOAҍץ ԋ ҹף BVOCs ל  3-4Ȃ

ױ ̆ ԋ ҍ SOA Ҍ Ȃ BVOCs 6-10

̆SOAҍBVOCs ̆ל BVOCs ṿ ̆SOAӞ

⌠ ṿȂ BVOCsγ ᴍ2 ̆SOA ṿҹ26 ɛg/m3 ̆

ҹ ̆Ӟ ԍ ᵞṿ̆ 7-10̆BVOCs ̆SOA ṿ ⌠

ԅ56 ɛg/m3 ̆ғ Ӟל ҹѿ Ȃ 
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 3-4 SOAҍ ԋ  ל

Figure 3-4 Changing Trends in Jinhai SOA and Isoprene 

3.1.4 BVOCs  

24h BVOCs ’  3-5̆ ῒҬ

ΐᵣ Ȃῒ ҍ ᵌ̆ᵖ ԍῒ ԍ ̆

ᴍ ̆ῒBVOCs ṿ ԍ ̆ 5 ɛg/m3-20 ɛg/m3ӊ ̆ TVOCs

ᶛ5 %-30 %Ȃ BVOCs ṿ ѿ ῤ ₮ ̆ Ҭ ҉ 9̔ 00-

ץ12̔00 Ҋ 5̔ 00-20̔00Ȃ1,3-Ҁԋ ԋ 8 10

⌠ ṿȂ׆ 4 ̆ῒ ₮҉ ̆ל ⌠ 10 ⌠ Ȃ

11׆ ̆ Ҋ ̆ ⌠ 2 3 Ȃ

ҍ ȁ ῒז ῏̆ ҹ ֓ ᴪ VOCs

Ȃ 
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 3-5 BVOCsȁTVOCs BVOCs TVOCs  ל

Figure 3-5 Daily trends of BVOCs, TVOCs and BVOCs as a proportion of TVOCs in 

the Chongming region 

3.1.5 VOCs  

⌠ BVOCsȁVOCs TVOCs ᶛ  3-6

 3-7̆ ῒ ҍ ѿ Ȃ ⌠ VOCs Ȃ҉ץ% 60-% 30

ᴍᶭ BVOCs ̆8 ᴍ ԋ TVOCs 8 %

̆ ҹ ѿ̆ ֟ Ȃ 

TVOCs VOCs № ᴍ ҹֲץ VOCsҹҺȂ

ᵞ ȁ ȁ ᶭ Һ ᵝȂҍ ѿ ̆

ῇ ̆ ԋ ⌠ VOCsҬ Ȃ 
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 3-6 BVOCs TVOCs ᶛ  

Figure 3-6 Observation of daily changes in the proportion of BVOCs to TVOCs in the 

Chongming 

 

 3-7 VOCsTVOCsɒ  

Figure 3-7 Chongming observes daily changes in the ratio of VOCs to TVOCs 
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3.1.6 SOAғῚל  

ץ PM1ҹ SOAҍץ ԋ ҹף BVOCs ל

 3-8ȂSOA ל ⌠BVOCs ̆ ѿ ӊ ԍ ֲ

ל ⱴү ̆ 6-10̆ҍBVOCsѿ ̆₮ ѿ Ȃ

ԋ SOA ṿҹ45 ɛg/m3 ̆ Ҍ ̆ᵖӞ ԍ ᵞṿ̆

7-10̆BVOCs ̆SOA ṿ ⌠ԅ100 ɛg/m3̆҉ץғ

Ӟל ҹѿ Ȃ 

 

 3-8 SOAҍ ԋ  ל

Figure 3-8 Changing Trends in Chongming SOA and Isoprene 

3.2 BVOCsғSOA  

3.2.1 ָ BVOCs  

Ҍ ᴍ̂ ԍҌ ᴍ ̃ῤ̆  3-9 ԅ

BVOCs ᴍ ṿȂҌ ᴍ Ҍ ̆ῒҬ̆ ԅԋ
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ᴍ BVOCs ̆ῒҬ ԋ Ҁԋ ̆ Һ

̆ 8 ᴍ ṿ ⌠ 2.4-3.1 ɛg/m3Ȃ ԍ₃ ῏

BVOCs ԋ ȁҀ ̆ 6-10 ̆ ҍ╠ №

ѿ Ȃ1,3-Ҁԋ 4׆ ҉ ̆ל 8 10 ⌠ ṿ2.4 

ɛg/m3 Ȃ ‏ ∆ ̆ῒ ↕ ᵞȂҀ № ᴍ

ᵞ̆ᵖ 6 ѿҩ ṿȂ 

 

 3-9 BVOCs Ҍ ᴍ ’ 

Figure 3-9 Monthly Variations in Average Concentrations of Various BVOCs in the 

Jinhai 

3.2.2 ָ BVOCs  

ֲ  3-10  3-11Ȃ ף ֟

ԋ ̂ 89.52 %̃ȁ1,3-Ҁԋ ̂ 91.37 %̃ ῒҬ

BVOCsҺ ᶛȂ Ҁ ң ֓ ᴍ 4 6 ῒ

ז ᴍ ̆ ⌠7-15 %Ȃ 
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 3-10 Ҍ ᴍҬBVOCs  

Figure 3-10 Percentage of BVOCs in different months in Jinhai 

 

 3-11 Ҍ ᴍҬBVOCs ΐᵣ ᶛ 

Figure 3-11 Specific percentage of the share of BVOCs in different months in the Jinhai 

3.2.3 ָ SOAῚל  

ֲ SOAȁSO2ȁO3ȁNOx ҍױז3-12̆ 

ԋ ῏ ȂῒҬ SOAȁNOx ᴍ ṿ ҹ ̆

SO2ȁO3 ԅҩ≢ ᴍ 9 ȁ1 7-8 ӊ ̆ῒ ṿ ל Ҍ Ȃ
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̆ ԅ SO2 Ҍ ̆ῒᵩ

̆ ≢ ᴍȂSOA 6 ṿ ̆ ԅ40 ɛg/m3Ȃ 

 

 3-12 Ҍ ᴍҬ SOA  

Figure 3-12 Changes in chemical pollutants and SOA in different months in the Jinhai 

3.2.4 BVOCs  

Ҍ ᴍ̂ ԍҌ ᴍ ̃ῤ̆  3-13 ԅ

BVOCs ᴍ ṿ,ῒ ҍ ѿ ȂҀ № ᴍ

ᵞ̆ᵖ 6 9 ҹ ṿȂ ≢ 6 ̆ῒ ҉

⌠ ṿȂ ֓ ҙ ꜚ ҩ ᴍ ҹ Ȃ

ԋ 7 ⌠9 ₮҉ ̆ל 8 ⌠ ṿȂ

׆ 10 ̆ Ҋ Ȃ ҍ 1,3-Ҁԋ ל ᵌ̆ᵖ ԋ ṿ

₮ ѿ֓Ȃ 
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 3-13 BVOCs Ҍ ᴍ ’ 

Figure 3-13 Monthly Variations in Average Concentrations of Various BVOCs in the 

Chongming 

3.2.5 BVOCs  

 3-14  3-15Ȃ ҍ

ᵌ̆ᵖ ῒҬ ԅ 2ȁ3ȁ4ȁ5ȁ7ȁ9 ᴍӊ ̆ῒᵩ BVOCs

7 % ̆ ԍ ȂῒҬ BVOCs

̆ ԋ ̂ 99.03 %̃ȁ1̆ 3-Ҁԋ ̂

90.76 %̃ Һ BVOCs̆ ᶭױז BVOCs Һ Ȃ 

 

 3-14 Ҍ ᴍҬBVOCs  

Figure 3-14 Percentage of BVOCs in different months in Chongming 
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 3-15 Ҍ ᴍҬBVOCs ΐᵣ ᶛ 

Figure 3-15 Specific percentage of the share of BVOCs in different months in the 

Chongming 

3.2.6 SOAῚל  

SOAȁSO2ȁO3ȁNOx ҍױז3-16̆ 

ԋ ῏ Ȃҍ ѿ ̆SOAȁNOx ᴍ ṿ

ҹ ̆SO2ȁO3 ԅҩ≢ ᴍ 8 ȁ9 10 ӊ ̆ῒ ṿ

ל Ҍ ȂῒҬSO2 9ȁ10 ᵞԍ ̆ 3ȁ4 Ӟ

ᵞȂSOA 10 ṿ ̆ ԅ32 ɛg/m3̆SOAṿ ᵣᵞԍ Ȃ 












































































































































































































