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Forcing radiativo

∆F = Fn,s – Fn



FAQ 2.1, Figure 2

IPCC, 2007
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Instruments

• Meteorological station 
• Non-dispersive Infra-red (NDIR) analyzer (atmospheric CO2 mixing ratio) 
• Gaschromatograph (atmospheric concentration of CH4, N2O, CFC-11 and CFC-12) 
• Brewer MK III spectrophotometer (total ozone, spectral UV irradiance, aerosol 
optical depth)

• Precision Spectral Pyranometer/CMP21 (Shortwave irradiance)
• Precision IR radiometer/CGR4 (Longwave irradiance)
• Solar tracker with PSP and PIR (diffuse irradiance)
• CHP1 pyrheliometer (direct normal irradiance)
• Photosynthetic radiation radiometer
• Total sky imager (cloud cover)
• Actinic radiation spectrometer (photodissociation rates)
• Visible Multi Filter Rotating Shadowband Radiometer (MFRSR; aerosol optical depth 
at several wavelengths, diffuse-to-direct irradiance ratio, column water vapor)

• Ultraviolet Multi Filter Rotating Shadowband Radiometer (UV-MFRSR; aerosol 
optical depth, diffuse-to-direct irradiance ratio, total ozone)

• Aerosol lidar (University of Rome/ENEA; aerosol backscattering and depolarization) 
Cimel sun-photometer (aerosol optical properties, part of AERONET)

• PM10 filter sampler (chemical analyses at the University of Florence)
• CARAGA aerosol deposition sampler (LISA, France)
• PSAP (aerosol absorption, black carbon; ISPL, France)
• Radio-ozone sondes (ozone, pressure, temperature, humidity profiles) 
• Ozone analyzer (Province of Agrigento)
• Raman lidar (University of Rome/ENEA; water vapour profiles)
• Microwave radiometer (water vapour/temperature profiles)
• IR camera (cloud altitude)



Weekly samples are collected for measurements of halogenated compounds
carried out at Rome with a GC-MS (SF6, HCFC-22, HCFC-134a, HCFC-142b, 
HCFC-141b, Halon-1301, CFC-11, CFC-12, CFC-113, CCl4, CHCl3)

Weekly samplings within the NOAA Cooperative air sampling network were
started in October 2006 (CO2, CH4, CO, N2O, H2, 

13C, 18O, SF6) 

Measurement campaigns

PAUR II (1999), MEIDEX (2001),
ENVISAT (2002), C-MARE (2004),
LAUNCH (2005), AMP (2006),
GAMARF(2008)

WMO Global Atmosphere Watch
NOAA Cooperative Air Sampling Network
AERONET
MWRNet
Carboeurope
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Surface shortwave
irradiance ISW

Eppley PSP and Kipp&Zone
CMP21 pyranometers

ISW (clouds, θ, τ, wv, A, …)

Solar irradiance 3%
IR irradiance 2%
Spectral UV irradiance 5%





Stima del forcing

Satheesh and Ramanathan, 2000



Pace et al., 2006
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Surface aerosol FE: aerosol types

2004-2007

Di Biagio et al., J. Geophys. Res., 2009



Aerosol FE at the top of the atmosphere
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Di Biagio et al., 2010



The atmospheric forcing is ~30-50% of the surface forcing for DD, 
~70% for UI-BB, and ~60% for MA. 

58.7 ± 5.4-94.9 ± 5.1-36.2 ± 1.7MA

39.8 ± 5.4-59.0 ± 4.3-19.2 ± 3.3UI-BB

23.4 ± 6.7-68.9 ± 4.0-45.5 ± 5.4DD

AtmSurfaceTOA

FEd at the equinox (Wm-2)

76.3 ± 6.8-120.5 ± 6.5-44.2 ± 2.1MA

52.3 ± 8.9-75.6 ± 7.9-23.3 ± 4.1UI-BB

40.2 ± 7.5-87.5 ± 5.0-47.3 ± 5.6DD

AtmSurfaceTOA

FEd at the summer solstice (Wm-2)

FES and FETOA at different θ � integrated to obtain the daily FE

Daily mean aerosol forcing efficiency



The daily mean radiative forcing
(RFd) at TOA and at the surface are 
largest for DD due to the high value of 
both FEd and average τ. 

The atmospheric RFd, conversely, is 
approximately independent of the 
aerosol type.  

⋅d dRF =FE τ

Daily mean aerosol radiative forcing



SSA(λ)

Aerosol desertico, 415.6 nm

Parametri forniti al modello

LibRadTran:

SZA=60°
Profili verticali climatologici di pressione, 

temperatura, ozono, aerosol;

O3 totale = 300 DU.

Si costruiscono funzioni per: 

AOD(λ) tra 0 e 1.2;

SSA(λ) tra 0.7 e 1.0;

g(λ) dalla letteratura.

Da DDR(λ), AOD(λ), α misurati

Derivazione dell’albedo di scattering singolo 

a 415.6 e 868.7 nm

SSA

assscaext kkk +=
ext

sca

k

k
SSA =



Meloni et al., 2006



Meloni et al., 

2006



FE for DD and MA

• 0.7 ≤ ω < 0.8  
• 0.8 ≤ ω < 0.9
• 0.9 ≤ ω ≤ 1.0

25° ≤ θ ≤ 35°

TOA (top of atmosphere)

θ = 60°

Surface

Di Biagio et al., 2009 and 2010



MODIS-TERRA
March 26, 2010

MODIS-TERRA
March 28, 2010

March 26, 11:50 UT

March 28, 11:50 UT



MFRSR

PSP and PIR radiometers

<0.09

max 1.88



On a daily basis:  surface LW RF is about 50% of the SW
TOA LW RF is about 40% of the SW
a bout 75% of the SW atmospheric RF is compensated
by the LW RF

instantaneous, at 35° solar zenith angle, LW, SW, and total forcing, for 26 
March, 2010. 

di Sarra et al., 2011



FAQ 2.1, Figure 2

IPCC, 2007



Grazie

Clouds

IR effects

UV-air quality



Fabrizio Anello, Carlo Bommarito, Lorenzo De Silvestri, Claudia Di 
Biagio, Tatiana Di Iorio, Daniela Meloni, Francesco Monteleone, 
Giandomenico Pace, Salvatore Piacentino, Damiano Sferlazzo
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SPETTRORADIOMETRO METCON

Circa 3 nm a 300 nm Risoluzione (FWHM)

Circa 0.83 nmDistanza spettrale

Array di diodi con 512 elementi, 16 bitRivelatore

280-700 nmIntervallo spettrale

248 linee mm-1Reticolo

Cupola al quarzo, risposta angolare 
uniforme

Ingresso ottico

4.5 kgPeso

250 X 150 X100 mm3Dimensioni











JULY 14 2002 JULY 16 2002
Lidar backscatter ratio

HYSPLIT transport and dispersion model from the NOAA Air Resources 
Laboratory (ARL) 

AOD (500 nm) 
= 0.227

14 July
α = 0.080

δ = 0.46-0.56

16 July
α = 0.698

δ = 0.25-0.47



MISR (Multi-angle Imaging SpectroRadiometer)

on Terra spacecraft



Best match (minimum RMDS) wavelength-independent SSA and g

i = band
k = camera

)(/Ed)L()( 0
2 iki,ki, ××= πρ

RESULTS

Simulation of the MISR spectral (blue, red, green) equivalent reflectances at the 
nine viewing angles and comparison with measurements over the sea

14 July
SSA = 0.97    g = 0.80

16 July
SSA = 0.88    g = 0.81



INSTANTANEOUS AEROSOL RADIATIVE FORCING EFFICIENCY

(RF per unit AOD at 500 nm)

AT 400-700 nm

RF (surface) = downward irr. (aerosol) - downward irr. (no aerosol)

RF (TOA) = upward irr. (no aerosol) - upward irr. (aerosol)

   Instantaneous RFE (W m-2) 

Day ω0 g surface TOA 

14/07/2002 0.96 

0.97 

0.79 

0.80 

-39.3 

-44.2 

-17.3 

-20.1 
16/07/2002 0.88 

0.89 

0.81 

0.82 

-73.2 

-79.0 

-5.1 

-7.4 


