Effects of stratospheric volcanic aerosols on S2S prediction skill
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1. Introduction

Volcanic eruptions significantly affect climate prediction due to related dispersion of aerosols that remain
in the stratosphere for years (McCormic et al. 1995, Zambri et al. 2019). Stratospheric volcanic aerosols are
generally produced by chemical reaction from gaseous sulfur dioxide (SO2) to sulfuric acid (H2SO4) particles,
and result in increased reflection of solar radiation back into space due to a higher Earth albedo along with
absorption of upwelling infrared radiation. Therefore, stratosphere can be warmed by both radiation effects,
while the troposphere can be cooled by solar radiation effect.
In light of the link between weather and climate predictions, volcanic aerosols can be considered to
potentially influence skill in tropospheric temperature prediction on a sub-seasonal to seasonal (S2S)
timescale. Accordingly, this study involved a revision of the radiation scheme in a case of the Mt. Pinatubo
eruption with focus on radiative heating and resulting temperature changes due to volcanic aerosols in S2S
prediction.

2. Experimental design with a revised radiation scheme

The Japan Meteorological Agency (JMA) is developing the next-generation Coupled Seasonal Ensemble
Prediction System Version 3 (JMA/MRI-CPS3; CPS3), which consists of 60km atmospheric and eddypermitting (0.25 deg.) ocean components. The current radiation scheme in CPS3 can deal with the direct
effects of aerosols categorized into 5 types (sulfate, organics, black carbon, sea salt and dust) input as monthly
climatological forcing data (JMA, 2019), but also needs to be able to handle stratospheric volcanic aerosols.
The optical properties of such aerosols are determined via Mie scattering calculation, in which size
distribution parameters and complex refractive indices are obtained from the OPAC database (Hess et al.,
1998) for stratospheric sulfate droplets. The volcanic stratospheric aerosol information for the scheme is given
as external monthly data as developed for CCMI-1 and CMIP6 (Revell et al., 2017). Monthly climatological
tropospheric aerosols are pre-computed using JMA’s MASINGAR global aerosol model (Tanaka et al. 2003).
By May 1992, a year after the eruption of Mt. Pinatubo in the Philippines, volcanic aerosols were observed
worldwide in the stratosphere (Figure 1). To verify prediction skill with the revised radiation scheme in this
case, 13-member ensemble forecasting was conducted using CPS3.

3. Results

Results from a six-month forecast experiment (TEST) with an initial time of 00 UTC on 26 April 1992
using the revised radiation scheme were compared to those of a control experiment (CNTL) based on CPS3
configuration. As expected, due to the effects of stratospheric volcanic aerosols, both solar and infrared
radiation caused stratospheric warming, while tropospheric cooling was calculated in relation to solar
radiation (Figure 2).
The temperature difference on the S2S timescale was demonstrated in a six-month forecast experiment.
Heating-rate differences of solar and infrared radiations make a stable condition with less heating rate of
vertical diffusion in the lower troposphere, causing inactive deep convection and less cloud amount in the
upper troposphere over the tropics (not shown). As a result, stratospheric temperatures increased and
tropospheric temperatures decreased globally (Figure 3). Verification results against ERA5 reanalysis
(Hersbach et al., 2020) show that TEST outperformed CNTL in temperature biases in the stratosphere and
lower troposphere, although there is still room for improvement in the upper troposphere depending on the
characteristics of physics in CPS3 (Figure 4). Overall, the revision of the radiation scheme shows encouraging
and promising results for many aspects due to the stratospheric volcanic aerosols.
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Figure 1. Zonal mean of volcanic
aerosols [S mg/m2], averaged for
May 1992.
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Figure 2. Zonal mean of heating rate differences [K/day] (TEST minus
CNTL) of 13-member averaged (a) solar and (b) infrared radiation
averaged over one month forecasts with an initial time of 00 UTC on 26
April 1992.
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Figure 3. 13-member average temperature differences [K] (TEST minus CNTL) with (a) zonal mean and
(b) pressure-time cross section of the global mean over six-month forecasting with an initial time of 00
UTC on 26 April 1992.
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Figure 4. 13-member average pressure-time cross section of global average temperature errors [K]
against ERA5 reanalysis for (a) CNTL and (b) TEST over six-month forecasting with an initial time at
00 UTC on 26th April 1992.

