
Significance of cloud and precipitation 
processes in aerosol effect* on climate
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Motivation: Climate impact of short-lived climate pollutants
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Climate response to BC forcing in SPRINTARS

n BC stabilizes ATM to induce adjustments
n Significance of cloud responses
n This makes the forcing “efficacy” small
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Different forcing natures of absorbing/scattering aerosols
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Different climatic effects of scattering/absorbing aerosols
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Figure 3. Time evolution of global mean surface air temperature anomalies. Color lines represent the CMIP5 GFDL CM3
model (green) and the two alternate configurations CM3w (red) and CM3c (blue). Each line is a five member ensemble
average. Anomalies are computed with respect to 1881-1920. Model drift is removed by subtracting from each ensemble
member the linear trend of the corresponding period in the control simulation. Also shown are observations from NOAA
NCDC [Vose et al., 2012], NASA GISS [Hansen et al., 2010], and HadCRUT3 [Brohan et al., 2006]. A five year running
mean is applied to model results and observations. Letters above the horizontal axis mark major volcanic eruptions:
Krakatoa (K), Santa Maŕıa (M), Agung (A), El Chichón (C), and Pinatubo (P).
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Possible coupling of indirect effect with direct effect
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FIG. 2. The probability density function of radar reflectivity (%dBZ21) as a function of in-cloud optical depth obtained from (a)–(c)
A-Train satellite observations, (d)–(f) HadGEM2, (g)–(i) GFDL CM3, and (j)–(l) MRI-CGCM3 as classified according to the cloud-top
effective particle radius into (left) 5–10, (center) 10–15, and (right) 15–20mm.
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Satellite-based model diagnostics of the warm rain process
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FIG. 3. As in Fig. 2, except obtained from (a)–(c) A-Train satellite observations, (d)–(f) MIROC5, (g)–(i) NCAR CAM5, and
( j)–(l) PNNL-MMF.
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FIG. 2. The probability density function of radar reflectivity (%dBZ21) as a function of in-cloud optical depth obtained from (a)–(c)
A-Train satellite observations, (d)–(f) HadGEM2, (g)–(i) GFDL CM3, and (j)–(l) MRI-CGCM3 as classified according to the cloud-top
effective particle radius into (left) 5–10, (center) 10–15, and (right) 15–20mm.
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Figure 3. Time evolution of global mean surface air temperature anomalies. Color lines represent the CMIP5 GFDL CM3
model (green) and the two alternate configurations CM3w (red) and CM3c (blue). Each line is a five member ensemble
average. Anomalies are computed with respect to 1881-1920. Model drift is removed by subtracting from each ensemble
member the linear trend of the corresponding period in the control simulation. Also shown are observations from NOAA
NCDC [Vose et al., 2012], NASA GISS [Hansen et al., 2010], and HadCRUT3 [Brohan et al., 2006]. A five year running
mean is applied to model results and observations. Letters above the horizontal axis mark major volcanic eruptions:
Krakatoa (K), Santa Maŕıa (M), Agung (A), El Chichón (C), and Pinatubo (P).
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Two levels of constraints on aerosol indirect forcing
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Possible overestimate of indirect forcing in GCMs?
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