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1. What are the hygroscopic enhancement 
factors for scattering properties “f(RH)” 
in Yangtze River Delta?

2. Which chemical species are the main 
factors that determine f(RH)?

3. What is the influence of f(RH) on aerosol 
direct radiative forcing?

Questions



The visibility decrease of the Yangtze 
River Delta during 1980-2009.
-0.3±0.013km/yr
(Zhang et al., 2012)

-0.3km/yr
Haze-fog

Visibility

Yangtze River Delta:
Economy
Population
Vehicles
Emissions of NOx, SO2, VOC…



LinAn Regional Atmosphere 
background station
WMO/GAW regional 

station
30.3°N, 119.73°E, 

138 m a.s.l.

• bamboo forests and 
paddy rice fields

• represents the 
background conditions 
of the Yangtze River 
Delta
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The humidification system
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f(RH)=σsp(RH, λ)/σ(dry, λ)

Example of recorded data on 17 March 2013

Sample 
humidogram



Time series and average
hygroscopic enhancement factor

(a)

(b)

RH(%) 50 60 70 80 85

f(RH) 1.07 1.14 1.24 1.43 1.58



The Relationship of f(RH) and 
Chemical Composition 

 f(RH) increases with inorganic mass fraction, but 
decreases with organic mass fraction

 f(RH) shows clearer relation with Nitrate fraction
than sulfate fraction

(a) and (b) 
colored 

by sulfate

(c) and (d) 
colored 

by nitrate



Compared with Quinn et al. (2005)

Importance of Nitrate

Nitrate plays a more important role than sulfate in the 
determination of the magnitude of f(85%) at LinAn.

sulfate nitrate sulfate+nitrate

γ= ln f (85%)/ln((100-40)/(100-85))





Classified by trajectory

Inorganics 
& nitrate 
largest

nitrate 
smallest

Dust?

f(85%) a b

Locally-polluteda 1.53 1.24 5.46

Northerly-pollutedb 1.65 1.20 3.90

Dust-influenced 1.49 1.02 4.51

Fitting equation: 

f(RH)=1+a·RHb



The dependence of TOA radiative forcing 
on relative humidity for various periods.

 The increasing pattern 
of the dependence of 
TOA radiative forcing 
on relative humidity 
basically follow the 
increase of f(RH) 

 At 85% RH, the TOA 
radiative forcing 
increased by 47% 
compared to that at dry 
conditions；

Sensitivity of the direct radiative forcing 
of different aerosols to f(RH)



Summary
1. On average, aerosol light scattering in March in 

LinAn was 58% higher at 85% RH. 

2. Aerosol uptake of water decreased with increasing 

organic mass fraction.

3. Nitrate played an important part in both the 

magnitude and shape of f(RH) during our study.

4. At 85% RH, the direct radiative forcing increased 

by as much as 47% due to the aerosol 

hygroscopicity.



Acknowledgments

This work was supported by

 National Basic Research Program of China 
(2011CB403401), 

 National Natural Science Foundation of China 
(41175113), 

 China International Science and Technology 
Cooperation Project (2009DFA22800), 

 key project of CAMS (2013Z007, 2013Y004)
 the CMA Innovation Team for Haze-fog 

Observation and Forecasts. 



Thanks!
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