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Abstract Many researches on sulfate aerosols had been done during the last two decades, which 

had contributed significantly to our understanding of the emission, concentration, optical 

properties and radiative forcing of sulfate in the atmosphere; whereas these kinds of study on 

nitrate was not given much attention at the beginning since the concentration of nitrate aerosol in 

the atmosphere was much less than sulfate aerosol. Recent studies show that the scattering 

properties of nitrate are even stronger than that of sulfate in some wave bands. Besides, the 

proportion of nitrate in total anthropogenic aerosols shows an increasing trend since the emissions 

of sulfate aerosol will be greatly reduced due to the controlling to its precursors at present and in 

the future, while the emissions of nitrate aerosol increase rapidly, leading to higher radiative 

forcing caused by nitrate than that of sulfate. It is very likely that nitrate will become an important 

radiative forcing factor to affect climate change at regional and seasonal scales in the future, 

especially over China region duo to its increasing large emission. Therefore, this article reviewed 

the researches on nitrate aerosols from the perspectives of emissions, concentrations change, 

distribution of optical depth, and radiative forcing. Finally, the direction of researches on nitrate 

aerosols in the future are discussed. 
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1  

ᴪ ֲ̆ ֲ̆ ꜚ ᵣ

Ҥ ̆ ῃ Ṝ ̂ ḍ ̆2010̃Ȃ ֲ̆

ꜚ ҹ ̂ Ԑ ̆1998̃Ȃ[ ӈ] ץ

- - ԑᵬ

̆Ӟ ᵬҹԐ₀ץ Ԑ -Ԑ ԑᵬ

Ṝ ̆ ҹ Ṝ Ṝ Ҍ Ȃ 

Һ ҹֲץ ҹҺ ȁ ȁ ȁ ̆

ץ ҹҺ Ȃ[╠ֲ ]ῒҬ ᵬҹ

╠ֲ̆ ῒ ԅ Ȃ Haywood Bouchê 2000̃ ԅ SO2

̆ ₮ῃ SO2 ҹ 66.8~92.4Tg[S]/ă ῒҬ 72% ̆

19% ̆9% ȂStreets ̂2000̃ ׆̆ 1980 ⌠ 2000

̆֒ SO2 ⱴ̆ ⌠ԅ 17Tg[S]/ă Һ Ҭ ҹῒ

ᶏ Ȃῃ ̆Kiehl ̂1993̃ ⌠ ῃ

ҹ-0.56W/m
2ȂFischer-Bruns ̂2009̃ ̆ ᴪ

֟ ̆ ⁞ ̆ғ ꜚ ѿ Ȃ Ӟ
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Ҭ қ֒ SO2ҍ Ạԅ ῏ Ȃ ̂2002̃

҉ SO2 ᵞԍ ѿ ‰̕↔ ̂2002̃ № ԅῌ ᵞ

ҍ SO2 ῏ ̕ ̂1992̃ ≠ ң ⌠ ᵞ ᴆ

Ҋ̂ 300mץҊ̃̆ 10
2
km ȁ

№ ̕ ̂2000̃ ῒҍ ᵬ ̂2001̃ ṿ

қ֒ SO2 ȁ № ԅ№ ̆

ֲҹ ҹ-0.7 W/m
2̆ ̆№≢₮ 9

5 ̆ῒҬ 9 ̕ Ҽ ̂2004̃ ≠ Ҭ ҍ҈ / /

/ ץ̆ 2000 ԅҬ ҍ

№ ̆ ⌠ ῃ ṿҹ-0.71 W/m
2̆ ῃ ṿҹ-0.48 

W/m
2Ȃ 

̆ ╠ ԍ ῏ Ҍ ᾟ№̆ ≢ Ҭ

₃ҩ ̂ ̔Zhang, et al, 2012; Li , et al, 2015; Wang, et al, 2010; Li , et al, 

2009̃Ȃ Ҭ NOx Ῥ Ȃѿ ҹ ֟ Һ

ң ѿ̔ N̆Ox ̆ Ῥҍῒז № ̕

ԋ ̆ NOx ̂ ף ̆1996̃Ȃ Ҭ

Һ ҍ ȁ ȁNO2ȁSO2 NH3 ╠ᵣ ῏̂Wang, et al, 

2006̃Ȃ 

[ ℗῀ ] ₃ ̆ ԍ ҙ ֟ ȁ ῾ҙ ꜚ ֟

ⱴ̆ Ҭ NOx ҉ ̆ ̆Ӟᴪ

׆̆ Ṝ Ȃ Ҭ ̆ Ҭ NOX‪ Һ

ȁ ȁ ֟ȁ ֟ȁ῾ ȇ̂ Ṝ ᵀ Ȉ̆ 2007̃Ȃ

1979-1981 D̆iederen ̂1985̃ ῌ Ạ ң ῒ̆ ̆

̆ Ӟ ̂Brink, et al, 1996̃Ȃ ̆ ̆

ΐ ̆Ӟ Ṝ ̂ Ҽ ̆2004̃Ȃ 

IPCC ԓ ᵀ ̂Boucher et al, 2013̃ ₮̆2000 ⌠ 2100 ̆ῃ ֲҹ NOX

NH3 ҉ ̆ SO2 Ҋ ̆ ԅ ֲҹ

Ҭ ᶛ ҉ Ȃ ̆ ₮

ҙ ̆ ᵞ ѿ ₮ Ӡ ̂Malm, et al, 2004; Putaud, et al, 

2004̃Ȃ ̆ 10%⌠ 20% ̕ ̆SO2
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⁞ ԅ ⁞ ̆ Ҭ

ᶛ ⱴ̂Myhre, et al, 2006̃Ȃ 

Bellouin ̂2011̃ ׆̆ 2010 S̆O2 ῃ ṿ Ҋ ̆ל

ғ Ҋ ᴪל ⌠ 2100 ȂLi ̂2015̃ ̆ ῃף

ֲҹ ᶛ ҹ 66%̆ ᶛ ץ ⌠ 80%̕ ⌠ 2100 ̆ῃ

ῤ ᶛ ᴪҊ ⌠ 50%̕ ῃ ֲҹ ᶛ↕ѿ

҉ ̕ל ῒ қ֒ ̆ ⌠ԅ 2100 ᶛ ᴪ҉ ⌠ 30%

Ȃ 21ҕ ̆ ҍ ⱴ Ȃ 

IPCC ᵀ ̂Forster et al, 2007̃ ԅ

ᵀ̆ ҹ-0.10 ± 0.10 W/m
2̆Ҍ Ȃ ԍ ᾣ Ҍ

̆ ᾣ ᶭ ԍ ȁ № ȁ ̕ №

Ҍ ̆ ץ ҉ ӈ ȇ̂ ԋ Ṝ

ᵀ Ȉ̆ 2011̃Ȃ ⅞ ԋ ̂AeroCom Phase IĨ

̂Myhre, et al, 2013̃ ӊ҉̆IPCC ԓ ᵀ ̂Boucher et al, 2013̃Ῥ

ԅ ᵀ̆ῒṿ ҹ-0.11̂ -0.3~-0.03̃ W/m
2Ȃ ӊ̆ ╠

҉ Ṝ ̆ ғ ֓ - - ᵬ

ҹѿҩᵣ Ȃᵬҹѿ ̆ Ҋ̆

Ṝ ⌠ ᵬ Ȃ ̆

’ ῒ ᾣ ῒ ῒ Ṝ ̆ ӊ╠ Ẋ ῒҍ ΐ

ᾣ ᵀ ῒ ̆ ᴪ ῒ Ṝ Ҍ

Ȃ 

 

2  

̆ ⱴ Ȃ ̆ ѿ֓ ̆

ԅ ̂Schaap, et al, 2004̃̕ Ҭ қ ̆

Ӟ ̂Wang, et al, 2010; Zhang, et al, 2012Ȃ̃ ̆ Ṝ

ᴪ ̂Bauer, et al, 2007̃Ȃ 

Adams ̂2001̃≠ ̂GCM II-primẽ ̆ IPCC SRES 

A2 ̆ ԅ ҙ ╠̂1800 ȁ̃ ̂2000 ̃ ̂2100 ̃

̆ ̆ ҙ ╠ №
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≢ҹ 0.10 0.74Tg̕ №≢ҹ 0.38 2.41Tg̕ №≢ҹ 1.79 2.23TgȂ

ԅ ⱴ ̆ל ↕ ԅҊ Ȃל

IPCC SRES A2 Ҋ L̆iao ̂2005̃ ≠ IIǋ̂GISS 

GCM IIǋ̃̆ ԅ ҙ ╠ȁ ̂2100 ̃ ̆ ̆

ҙ ╠ȁ №≢ ҹ 0.18ȁ0.48 1.97Tğ ҍ Adams 

et al. ѿ ̆ ׅ ԅ ⱴ ̕ל

ȁҬ қ ṿ ̆ғ ѿ ᴆҊ̆҉

ᵣ ף №≢ᴪ 1 3ppvbȂMyhrê 2006̃ ≠

Ṝҍ Ҭ ῃ ᴰ ̂Oslo CTM2̃№ ԅ

ᾣ ̆ ̆ ῃ ҹ

0.068mg(NO3)/m
2̆ ҹ 0.086mg(NO3)/m

2̆ ᴪᶏ

⁞ ғ̕ ҉ ᵞ̆ ҹ ҉

ᵞ ȂBauer ̂2007̃ ҹ̆ ̂NH3̃ NOŷNOy=NOx+

+ ̃ ᴪ ̆2000~2030 ױ ⱴ̆ ᴪ Ҭ

ⱴ 3mg/m
3̆ᶏӊ ҹ ⱴ ̕

ⱴ 1mg/m
3̕ Ҭ ᴪ ⁞ Ȃ ῃ

ṿ ᴪ׆ 0.11Tg[N] /a ⱴ⌠ 0.14Tg[N]/ a̕ ᶭ ԍ ҉ ᴪ׆ 0.41Tg[N] /a

ⱴ⌠ 0.53Tg[N] /ă ᵖ ῒῃ № ’ ȂBellouin ̂2011̃ ԋף

̂HadGEM2-ES̃ ̆  1860

ῃ ṿֽҹ 0.02mg[N]/m
2̆Һ № ̕⌠ԅ 2000 ̆

↕ 1860 7.5Ṑ̆ҹ 0.15mg[N]/m
2̆ ṿ Һ ᵝԍ ȁ Ҭ ̂ 1

̃̕ ⌠ 2090 ̆ ‗ԍԋ ̆ῒҬ

ῃ 2000 Ҋ 30%~50%̕ ↕ ᴪ 2000

ңṐ ̕ ṿ ᴪ₮ Ȃ Bellouin ̂2011̃

Ҋ ᵖ̆ל Ҋ̆ῒ ᶭ ԅ Ȃ

Li ̂2015̃ ̆2000 ṿҺ № ҙ

̆ ȁ ȁ ֒ қ֒ ῒ̆Ҭ Ҭ Ҭ қ ṿ ԅ 5mg/m
2̆

ԍῃ ṿ 0.15mg/m
2Ȃ қ֒ȁ ȁ ѿ ̆

׆ 19 ҕ 50 ף ̆ ֓ ԅ ̕

RCP6.0 RCP8.5 Ҋ̆ῃ №≢ ⌠ 0.25mg/m
2

0.32mg/m
2̂
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2 ̃̆ ғҺ ҙ ᴪ ԍῃ ṿ̆ ῒ қ֒ ȂLi

̂2015̃ ̆ ṿ₮ ‏ ̆ ҹ ᵞ̆ ≠ԍ

Ȃ ῃ ’№ ץ Ҭ̆ Ҭ

ԅ№ Ȃ ̂2009̃ ≠ Zhang ̂2003̆ 2006̃ ᴰ

̂RAMS̃ ̂CMAQ̃

֟ ̂Zhang, et al, 2007̃̆ Ҭ

ԅ ̆ ̆ Ҭ ̆ ȁ ȁ ȁ‏ ҩ

№≢ҹ 20.26ȁ5.13ȁ20.67ȁ20.47 mg/m
2ȂLi ̂2009̃≠ Ṝ ̂RegCCMS̃

Ҭ ѿ̆ ᴍ Һ № ԍ ȁ ȁ

қ ̆ ṿ 29 mg/m
3̕ ҂ ᴍ↕Һ № ȁ ȁ қȁ ȁ

̆ ṿҹ 8 mg/m
3̕ѿ ᴍ̆ ṿ Һ Ҭ ȁ

ȁ қ ̆ῒҬ ṿҹ 27 mg/m
2̕҂ ↕№ ԍ ȁ қȁ ̆

ṿҹ 3.8 mg/m
2ȂҬ ‏ ᵞ ̆ Һ ԍ

̆ ̆ ӞҌ≠ԍ ̆ ғ ֒ ̆

қ ᴪ Ҭ ᶏ̆ қ ⁞ Ȃҍ

ѿ ȂWang ̂2010̃ ≠ Ṝ Ṝ ̂RegCCMS̃

Ҭ ԅ ̆

Һ Ҭ ҙ ̆ῒҬ ȁ қȁ ȁ ֤ ̆ ṿ

12mg/m
3̕ῒ ṿ Һ ᵝԍ ȁ ȁ қ̆ ṿ 20mg/m

2̆

ᴪ Ȃ ҍ № Ҍ ̆ ԍ

╠ Һ ̆ ↕Һ ҍ ̆ 500hPa ̆

ץ Ȃ 

ȇ ԋ Ṝ ᵀ Ȉ̂ 2011̃ ₮̆2006~2007 Ҭ

ṿ 10~24mg/m
3̆ ԍ ֒ȁқ ֒ ̆ᵖ ԍқ

֒ȁ ȂҬ ῾ ⌠ ᾟ№

2~10mg/m
3̆ ԍ ̆ᵖ ֒ ȁ ̆ ҍҬ

Ҭ NH3 ⱬ ῏Ȃ 
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1 HadGEM-ES ⌠ ῃ № ̂mg[N]/m2̃̆ Bellouin ̆2011 

Figure 1 distributions of nitrate aerosol burden (in mg[N]/m2) in HadGEM2КES simulations, from Bellouin, et al, 

2011 

 

 

2 ԍ 1850 ̆ Ҭ̂ã ̂b̃ ̂mg/m2̃ ̆ Li ̆2015 
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Figure 2 The change of (a) atmospheric sulfate loading (mg/m2), (b) nitrate loading  (mg/m2) relative to 

1850 from Li, et al, 2015 

 

3 ᾣ  

3.1硝酸盐气溶胶粒子的光学性质 

ѿ ̆ Ӟ ̆ ױ ᵌ̆ғ ΐ

Ȃ ̆ ╠ ≠ ᾣ ף ᾣ ᵀ

̂DRF̃ ̂Zhang, et al, 2012̃̆ Dorland ̂1997̃ ᶏ

̂RH̃ҹ 80% ᾣ ̕Liao ̂2004̃

≠ ᾣ ̕Wang ̂2010̃ ԍ

̆ Ȃ ֓ ԍ ԅ

̆ Adams ̂2001̃ ԅ ֽ̆ ῒ 0.58

Ȃ ̆ ҍ ᾣ

≢ ̆ ᾣ ᴪ ѿ Ȃ ̂2009̃

₮̆ ᾣ ᴪᶏῒ ṿẒ ̆ ғ

̆ Ӟ ȂZhang ̂2012̃ ῒ Ҭ ԅ ̆

ᾣ ⌠ ̆ ᾣ ⌠ ᵞᵀ

6.2%̂ 1 ̃̆ Ҭ Ҭ ̆ ≢ 0.16W/m
2Ȃ 

ң № №̆≢ ⱬȂ

҉ ‗ԍ ̂↔ ̆2002̕

Yamamoto, et al, 1971 Ȃ̃ ̂2009̃ ̆ ̆

ѿל ̆ 2.8 ₮ ṿ̆ᵖ

ԍ ̕ ̆ң ≢̆ ᵣ҉

ԍ Ȃң ᾣᵬ Һ ᵣ ᾣ ̆ ῤ̆

ԍ ̆ ᾣ ף ᾣ ̆

ᴪᵞᵀ ȂZhang ̂2012̃ ̆ Ҍ RH ᴆҊ̆

ҍ ӊ ԍ 2.8 ⱴ ⱴ̆

2.8 ⱴ ᵞȂ 

ᾣ ̂Qẽ ף ԅ ᾣ ҍ ₃ᵥ ṿȂZhang ̂2012̃

̆ ᾣ ⱴ ⁞ ғ̆ RH Ȃ 0.2~0.8



 

9 
 

̆Qe ԍ 2.0̕ 2.0~4.2 ↕ ԍ 0.5̂ ֽ 2.8 RH=40%

Ȃ̃ ᵞ ̂RH<37%̃ ᴆҊ̆ ԍ 2.8 ̆ ᾣ

ԍ ̆ ԍ 2.8 ̆ ’↕ Ȃ ̂w̃

ᾣ ף̆ ԅ ҍ ᾣ ӊ ȂZhang ̂2012̃ ̆

wᴪ RH ⱴ ⱴ̕ RH ᴆҊ̆w ṿ ₮ 2.8 ̕

ץ ᴆҊ̆ w ԍ ̆ ῒ 2.8 ̆RH<40%

̆ w w 40%Ȃ 

҉ ̆ ᾣ ף ᾣ ᴪ̆ᵞᵀ

Ȃ 

 

3.2硝酸盐气溶胶的光学厚度 

ᾣ (AOD) ӈҹ ᴰ ̆ ᵝ ҉

֟ ╝ ̆ ̆ ԍ ᴇ ȁ

ΐ ӈȂ 

Liao ̂2004̃ ≠ GISS GCM IIǋ ⌠ ף AOD ῃ ṿҹ 0.008̕ Myhre 

̂2006̃ ≠ Oslo CTM2 № ԅ ף ᾣ ̆

ᶏ ⁞ ̆Ӟᴪᶏ AOD⁞ ̆ ῒ

Ȃῃ ̆ AOD ҹ 0.001̆ Ҍ ↕

ҹ 0.0013Ȃ ̆Ҍ AOD ṿ ᴪ 0.1̆

↕№≢ᴪ 0.05 0.04ȂBellouin ̂2011̃ 1860~2000

AOD ῃ ṿ ⱴ 0.006̂ ֲҹ AOD 23%̃ ̆

ṿ Һ № ԍ ȁ ȁҬ Ҭ ̕ RCP4.5 Ҋ̆1860~2090

ֲҹ AOD AOD ⁞ ̆p ╠ Ҭ ⱴ̆ 56%Ȃ

Li ̂2015̃ ̆21ҕ ∆̆ AOD ⱴ Һ ᵝԍ қ ȁ

Ҭ қ ̆ҍ № ѿ ̕⌠ 21ҕ 90 ̆ף ֲҹ

AOD ⁞ ̆ᵖ AOD ׅ ⱴ Ȃֲҹ ҍ

AOD ῃ ṿ 2Ҭ ₮Ȃ ̂2009̃ ̆ ᾣ

̂0.455~0.833mm̃ AOD ҩҬ ҹ 0.032̆ қ֒ ҹ 0.011̆ ԍ Liao

̂2004̃ ₮ ῃ ṿ 0.008̆ ҹқ֒ ῃ NOX ̆ғҬ қ

֒ Ȃ῏ԍῒ ̆ ‏ ̂1 ̃ AOD
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̆ ṿ ₮ ȁ қ ѿ ̆ ṿ 0.125̕ ̂7

̃№ ̆ Ȃ 

 

1 ԍ 1860 2̆000 2090 ̂RCP4.5̃ ֲҹ 0.55mm AOD ̆ Bellouin 2̆011  

Table 1 The global mean anthropogenic aerosol optical depth at 0.55mm relative to 1860 for 2000 and 2090 under 

RCP4.5, with nitrate aerosols excluded or included and their difference (AOD of nitrate), from Bellouin, et al, 

2011 

 2000  2090  

Ҍ AOD +0.020 +0.004 

AOD +0.026 +0.009 

AOD +0.006 +0.005 

 

 

2 ԍ 1850s̆ 2000s 2090sֲ ҹ ҍ 0.55~0.625mm AOD̆ Li ̆2015  

Table 2 The global mean anthropogenic aerosol optical depth at 0.55~0.625mm relative to 1850s for the 2000s and 

2090s under RCP4.5, RCP6.0 and RCP8.5, with nitrate aerosols excluded or included and their difference (AOD of 

nitrate), from Li , et al, 2015 

 ף
ֲҹ AOD 

̂Ҍ ̃ 

ֲҹ AOD 

̂ ̃ 
AOD 

2000s 0.0146 0.0156 0.0010 

2090ŝ RCP4.5̃  0.0034 0.0041 0.0007 

2090ŝ RCP6.0̃  0.0055 0.0066 0.0011 

2090ŝ RCP8.5̃  0.0054 0.0069 0.0015 

 

ᾣ ᵬҹ ᾣ ̆ ⁞ ⱬ ѿ

ҩ ̆ ԍ Ṝ Ȃ ҉ ץ ῒ

№ ҍ № ΐ ѿ ̆ № ԍ ҙ ̆ Һ

ԍֲ ꜚ֟ Ȃ 
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4  

IPCC ᵀ ̂Forster et al, 2007̃ ԅ IPCC ԋ ҈ ᵀ Ҭ

̆ ҍ Ḡ Ҍ ’Ҋ̆ ⌠

̆ ‪ ̂ Ҋҹñ+ò̆ + ̃ Ȃ

ῒז ֜ ̆‪ ‗ ԅ ᵣ̂ - ̃ Ȃ ̆

ץ Ҍ Ṝ Ṝ ̂ Ԑ̆2015̃Ȃ 

ԍ Ҍ ҍ ̆ ╠ ԍ№ ῒ

̂DRF̃ Ȃ2001 ̆Adams ̂2001̃ IPCC SRES A2 ̆≠ GCMň-prime

ԅ ̂2100 ̃ DRF̆ ԋ ῃ

DRF№≢ҹ-0.19W/m
2
-0.95W/m

2̕2100 ̆ ԍ NOX NH3 ⱴץ

SO2 ⁞ ̆ ῃ DRF№≢ ⱴ ⁞ ̂

ṿ ̃ҹ-1.28 W/m
2
-0.85W/m

2Ȃ ץ ₮̆

ⱴ ̆ל ῒ Ṝ ̆ ↕ ⁞ ԅȂ

Jacobson̂ 2001̃ ̆ ╠ֲҹ ꜚ֟ DRF№≢ҹ-0.05 

W/m
2
-0.07 W/m

2̕ ҍ Andreaê 1995̃ -0.04 W/m
2
-0.06 W/m

2 ȂLiao

̂2005̃ IPCC SRES A2 ≠̆ ԅ GISS GCM IIǋ ̆ ̂2100

̃ ԅ ̆ ̆

̂TOÃ ҹ-0. 16 W/m
2 ⌠̆ԅ 2100 ↕̆ᴪ ⱴ⌠-0. 95 W/m

2ȂMyhre 

̂2006̃ ↕ ԅ ̆ ⌠ῒῃ ṿ

ҹ-0.016 W/m
2̆ ṿ -1.5 W/m

2Ȃҍ Adams ̂2001̃ Liaô2005̃ Ҍ

̆Bauer ̂2007̃ ԅ SRES A1B ̆≠ GISS Ṝ 2000ҍ 2030

̂IRF̃ ԅ ̆ 2000 ῃ ṿҹ-0.11 W/m
2̆

2030 ҹ-0.14 W/m
2̆ 30 IRF ҉ Ȃ2000ל

Һ ᵝԍ ̆ Ҭ ѿ֓ ̆ ץ ⌠-1 W/m
2Ȃ 2030

ҍ 2000 ̆ ̆ ῒ

֒ ȂῒҬ̆ Ҭ ץ ⌠-4 W/m
2Ȃ

Ӟ ԅ ֓ ⱴȂBellouin ̂2011̃ ↕ IPCC RCP4.5

ԅ Ȃ ₮̆ 2000

ṿҹ-0.12 W/m
2̆ ѿ ̆↕

2000 ҹ-0.17 W/m
2̕ 2090 ҹ-0.36 W/m

2̆
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ᴪ ҹѿ Ȃ ԍ 2090 Ҋ ṿ̂ ѿ

̃̆ 3Ҭ↓₮ȂXu ̂2012̃ ≠ IMPACTῃ ̆ ף̂ 2000

̃ ҹ-0.14 W/m
2̕ ҙ ̂1850 ̃

ץ ֲ̆ҹ ↕№≢ҹ-0.12 W/m
2

-0.16 W/m
2̕Xu ԅ ῤ ѿ ̆

ױ ҹ-0.23W/m
2̕҉ ṿ № ҙ ̆ ȁқ

֒ Ȃ ̆Makkonen ̂2012̃ ≠ ῃ - Ṝ ECHAM5.5-HAM2

№ ԅ Ԑ ̆ ⌠ ṿ№≢ҹ-0.32 W/m
2

-0.46 W/m
2ȂHauglustainê2014̃≠ LMDz-INCÂ Laboratoire de Météorologie Dynamique, 

version 4 ï INteraction with Chemistry and Aerosols, version 3̃ῃ ̆

ҙ ץ ̆ ῃ ṿ ⌠-0. 056 W/m
2̆ ṿ Һ ᵝ

ԍ Ҭ ȁҬ қ ȁ ֒ ⱴ ̆ Ҭ ѿҩ ṿҬ Ȃ 

 

3 ⌠ ѿ 2̆090 Ҍ Ҋ ṿ(W/m2)̆ Bellouin

̆2011 

Table 3 Including the first indirect forcing, the global mean aerosol forcing of nitrate for 2090 under different 

RCPs(W/m2), from Bellouin, et al, 2011 

 ṿ 

RCP3-PD -0.6 

RCP4.5 -0.4 

RCP6.0 -0.5 

RCP8.5 -0.7 

 

Li ̂2015̃ ҙ ץ ̆Ҍ ῃ ̆ DRF

̂ 3 Ȃ̃׆ῃ ̆ RCP8.5̂ ≢ ̃̆

DRF ⱴᴪѿ ⌠ 2100 ̆ ⌠-0.053 W/m
2̕ RCP6.0 Ҋ̆

DRF ⱴ ⌠ 21ҕ 70 ף̂ 2070s̃̆ ₮ Ҋ ̆ ṿҹ-0.042 

W/m
2̕ RCP4.5 Ҋ̆ DRF 21ҕ 40 2040s̃̂ף ⌠ ̆ҹ

-0.033 W/m
2Ȃқ֒ DRF 20ҕ 80 ӊף ԅ ̆ ғ ҹ҈
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ҙ ̂қ֒ȁ ȁ ̃Ҭ Һ Ȃ 4 ₮ԅ Ҍ Ҋ̆ῃ

DRF ԍ 2000s ̆ RCP6.0 RCP8.5 Ҋ̆ῃ ῤ

DRFṿ ⱴ ̆ 21ҕ ̆ DRF ԍ PD ῃ

ṿ ᴪ№≢ ⱴ 56% 96%ȂLi ̂2015̃ № ԅ ҍῃ ᴆҊ

Ȃ Ԑ ᵬ ᴪ╝ DRF̂ ῃ

4 Ȃ̃ DRF ҍῒ AODѿ ̆ ṿӞ

₮ ‏ Ȃᵖ ҍ DRF ῃ ῏ Ȃᶛ ̆ѿ ̆

ṿ₮ қ֒̆ᵖ AOD  DRFṿ ԍқ֒ Ȃ ԍ

ԅ ̆ ᴆ ᴪ ⌠ AOD DRF ҍ№ ̆

̂RH ȁ̃Ԑ Ȃ 

 

 

3 ԍ 1850 ̆ ῃ ̂GL̔ῃ ̆EA̔қ֒̆EU̔ ̆

NA̔ ̃̂ ᵝ̔W/m2̃̆ Li ̆2015 

Figure 3 The change of nitrate DRFs (W/m2) relative to 1850 (GL: Global, EA: East Asia, EU: Eurpoe, NA: 

North America), from Li, et al, 2015 

 

4 ԍ 2000s̆ ῃ DRFṿ̂W/m2̃̆ Li ̆2015 

Table 4 The global mean nitrate DRF at all-sky TOA relative to 2000s for 2030s, 2050s and 2090s under different 

RCPŝ W/m2̃, from Li, et al, 2015 

 RCP4.5 RCP6.0 RCP8.5 

2030s -0.006 -0.008 -0.018 

2050s -0.008 -0.012 -0.023 

2090s -0.000 -0.014 -0.024 
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4 ԍ 1850s̆2000s 2090ŝ҈ Ҍ Ҋֲ̃ҹ ῃ ̂ ᵝ̔

W/m2 Ȃ̃ ᶷ Ҭ ѿ↓№≢ Ҍ ṿ̆ ᶷѿ↓ ῒ ≢̆

Li ̆2015 

Figure 4 The global distributions of anthropogenic aerosol DRFs (W/m2) at all-sky TOA relative to 1850s for 

the 2000s and 2090s under different RCPs, The left and middle columns are for excluding and including 

nitrate aerosols, respectively, and the right column is for their difference, from Li, et al, 2015 

 

̂2009̃ Ҭ DRFȂ ̆Ҭ

 DRFҹ-3.47 W/m
2̆ ṿ Һ № ҙ ̆ᶛ Ҭȁ

қ ̕ ̆Ҭ  DRF ‏ ̂1 ̃̆ ᵣ

̆ ṿᵝԍҬ ̕ ̂7 ̃ ⱴ ⱴ ῒ̆  DRF

⁞ ̕ ̆ Ҭ DRF 7

̆ҹ-1.17 W/m
2̕ ṿ₮ 2 ̆ҹ-3.67 W/m

2Ȃ ԍ ῃ DRF̆ ҍ

DRF № ҉ ѿ ̆ᵖ ԍԐ ╝

ᵬ ̆ ῒ ⁞ ̆ ṿ ҹ-1.37 W/m
2̆ ṿ Һ ᵝԍ ȁ Ҭ ̂

6 Ȃ̃Li ̂2009̃ ↕№ ԅҬ ̔1 ᴍҬ
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ṿҹ-1.63 W/m
2̆7 ᴍҹ-2.65 W/m

2Ȃ ҹ

ṿҌֽҍῒ ῏ ̆Ӟ Ԑ ȁ ȁ ῒז ῏ȂῒҬ̆Ԑ

῏ Ȃ ԍ 7 ᴍԐ ԍ 1 ᴍ̆ 7 ṿ ѿ֓ȂWang

̂2010̃ ≠ Ṝ ̂RegCCMS̃ ԅҬ

ҍ ῒ ҍ ̆ ȁ ѿ ̂FIRF̃

̂TRF̃ №≢ҹ-0.88 W/m
2ȁ-2.47 W/m

2
-2.52 W/m

2ȂҬ

DRF ԍῃ ṿ̂ Dorland, et al, 1997; Adams, et al, 2001; Liao, et al, 2005̃̆ ғҍҬ

DRF̂ -0.92 W/m
2̃̂ Wang, 2003̃ ȂῒҬ

DRF ṿ Һ № ԍ ȁ қȁ ̆ ṿ -3 W/m
2̕

FIRF ṿ Һ Ҭ ̆ ῒ ȁ ̆ ṿ -7 W/m
2Ȃ

DRFҍ FIRF ⱴ ῒ̆ ԍ TRF̆ ԅ Ṝ ̕ ԍ FIRF

ԍ DRF̆  TRF № ҍ FIRF ᵌȂ 

 

5 ῃ № ̂ ᵝ̔W/m2̃̆ ̆2009 

Figure 5 The distributions of nitratel DRFs (W/m2) at all-sky TOA, from Shen, 2009 

 

Myhre ̂2013̃ ₮̆ ԋ ҍ ⅞̂ AeroCom Phase IĨ

Ҭ ̂ҍ ȁ ȁ ̃ ̆

׆ 0.14⌠ 0.90mg/m
2Ҍ ῃ̆ № ҍ ᵌ ῒ̕ 1850-2000 ԍ

-0.12~-0.02 W/m
2 ῤ̆ ṿҹ-0.08 W/m

2ȂIPCC ᵀ ̂Forster et al, 2007̃

ԅ ᵀ̆ ҹ-0.10 ± 0.10 W/m
2̆Ҍ

̂IPCC AR4̃ I̕PCC ԓ ᵀ ̂Boucher et al, 2013̃ AeroCom Phase II ӊ҉̆

ҍ ԑᵬ ̂RFarĭ ԍ IPCC AR4Ҭ

̃ ԅ ᵀ̆ῒṿҹ-0.11̂-0.30~-0.03̃ W/m
2Ȃ҉ ̆

ӊῤȂ 
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5  

ҍ ȁ ̆ ̆ᵖ Ҍ

ץ Ṝ Ȃ ₃Ӎҍ ̂Brink, 

et al, 1996̃̆ ̂Diederen, et al, 1985̃Ȃ Ҍ

̆p ԅ ֲҹ Ҭ ᴪ ҉ Ӟ̆

Ṝ Ȃ 

Ҍᵖҍ NOX ῏̆ ᴪҍ SO2 NH3 ѿ ҍ⌠

Ҭ̆ ױ ѿ ҉‗ ̆Adams ̂2001̃ -

- - ᵬҹѿҩᵣ Ȃ ȁ Ӟᴪ ⌠ ᾣ ̂Liao, 

et al, 2006; Myhre, et al, 2006̃Ȃῒז ᴆ № ȁ ȁԐ ȁ

ץ Ԑ ᴪ

֟ ̂ ̆2009̕ Li, et al, 2009̃Ȃ ԍ ̆

ῒ № ҉̆ ׃ Ҭ ῒ̆ ṿ ԍ׃

-0.2 W/m
2⌠ 0 W/m

2ӊ ̆ҍ IPCC ԓ ᵀ ₮ Ȃ 

ᾣ ҍῒ ῏ ԍҍ ῏ ̂ ̆

2009̃̆ ҹ ԅ ӊ ̆ ҍῒ Ҭ № ȁҊ

ᴆ ῏Ȃ׆ ̆ ȁᾣ ȁ

№ ԍҺ ҙ ̆ қ֒ȁ Ȃ⌠ԅ 21ҕ ̆

ᴪ ⁞ ̆p қ֒ ⱴ▲Ȃ׆ ̆

ṿ ‏ ̆ ԍ‏ ᵞ̆ ≠ԍ

̕ ṿ ̆ ҹ ̆ № ̆ ғ ̆

ᵬ Ӟ Ȃ Ӟ ⌠ԅѿ ᵬ ̆ ⌠ Ȃ 

҉ ̆An ̂2002̃ Zhang ̂2007̃ Ӟ

№ ̆ ̆ ԍ Ҍ ̆ ῒ Ҭ

Ȃ ԍ ῍ ╠ᵣ ̆ᶏ ≠ IPCC

ԓ ᵀ ₮ ̂ERF̃ ERF ҹ

̕ ̆ ῒ Ṝ Ȃ ᶏ

Ӟ̆ᶭ Ҍ Ȃ Ӟ

ⱴ ̆ ȁ Ȃ ̆ ῀ №

╠ᵣ ȁ ȁᾣ ȁ ȁ ῒ ҍ Ԑ₀



 

17 
 

ᴪ ҍᾣ ׆̆ ⱴ‰ ᵀ

ῒ Ṝ Ȃ ̆ ⱴ ҍ № ̆

⁞ Ҍ Ȃ 
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