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[bookmark: _Ref466011041]Figure 1.1: Overview of the climate effects after a very large volcanic eruption (Timmreck et al., 2012).
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[bookmark: _Ref466016258]Figure 1.2: Location of the eruptions simulated in this report. For each location, 4 experiments were performed varying the timing of the eruption (15 January, April, July, and October).
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Figure 2.1: Volcanic SO2 column burden following a volcanic eruption (stars) for ModelE (red) and GEOS-5 (blue). The SO2 e-folding time, calculated by an exponential fit (solid line), is shown together with correlation (in parenthesis). Rows present eruption latitudes, starting from northern hemisphere high latitude (top) to southern hemisphere high latitude (bottom), and the different eruption months are in columns, from January (left) to October (right). 
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Figure 2.2: Mean stratospheric volcanic SO2 mixing ratio for GEOS-5 (left) and ModelE (right) for high (top), mid (middle), and low (bottom) latitude eruptions caused by the volcanic SO2 injection. Dashed lines indicate southern hemisphere eruptions, and colors indicate the season of the eruption, depending on the hemisphere.  NHh/SHh represent high latitude eruptions, NHm/SHm midlatitudes eruptions, and TRO and TRa northern and southern tropics, respectively. 


[image: ][image: ]
[image: ][image: ]
[image: ][image: ]
Figure 2.3: Similar to Figure 2.2, but showing the perturbation to the global mean AOD [550 nm] following the eruptions.
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Figure 2.4: Similar to Figure 2.2, but for mean stratospheric volcanic sulfate aerosol mixing ratio.
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Figure 2.5:  Zonal mean volcanic AOD at 550nm for GEOS-5. Tropical eruptions (left), mid-latitude eruptions (middle), and high latitude eruptions (left) are shown for winter (top 6-panel set), spring (second 6-panel set), summer (third 6-panel set), and fall eruptions (bottom 6-panel set). 
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Figure 2.6: Same as Figure 2.5 for ModelE.
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Figure 2.7.  Similar to Figure 2.2, but showing the total stratospheric sulfate burden.
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Figure 2.8: Global mean vertical profile of sulfate mass mixing ratio for GEOS-5 simulations.
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Figure 2.9: Same as Figure 2.8, but for ModelE simulations.
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Figure 2.10. Zonal mean wet deposition of volcanic sulfate aerosol from GEOS-5 model runs.
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Figure 2.11: Same as Figure 2.10, but for ModelE. 
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Figure 2.12: Same as Figure 2.10, but for dry deposition in the GEOS-5 simulations.
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Figure 2.13: Same as Figure 2.10, but for dry deposition in the ModelE simulations.
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Figure 2.14: Volcanic aerosol effective radius for GEOS-5 (top) and ModelE (bottom) at 30 hPa altitude.
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Figure 3.1: Global mean temperature anomalies at 50 hPa (about 20km altitude) in GEOS-5 (left) and by ModelE (right). The x axis show the number of years. Rows present eruption latitudes, starting from northern hemisphere high latitude (top) to southern hemisphere high latitude (bottom). The shaded envelope in the left panel represent the ensemble spread simulated by GEOS-5. 
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Figure 3.2: Tropical anomalies (10° S-10° N) of the monthly mean vertical velocity [Pa/day] in GEOS-5 after a volcanic eruption in the southern tropics. The x-axis reports the years, starting from January of the year of the eruption. The y-axis reports the pressure in hPa. Negative values represent an increase in upwelling.
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Figure 3.3: Vertical profile of the 10˚ S-10˚ N temperature anomaly [K] in GEOS-5 (left) and ModelE (right), as simulated for an eruption in the southern tropics. The x-axis reports the years, starting from January of the year of the eruption. The y-axis reports the pressure in hPa. 
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Figure 3.4: Tropical anomalies (10° S-10° N) of N2O in GEOS-5 (left) and in ModelE (right). All anomalies are after a volcanic eruption in the southern tropics.
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Figure 4.1: Anomaly of global mean total ozone column [DU] in GEOS-5 (left) and ModelE (right). The x axis show the number of years. Rows present eruption latitudes, starting from northern hemisphere high latitude (top) to southern hemisphere high latitude (bottom).
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[bookmark: _GoBack]Figure 4.2: As Figure 4.1 for global mean NOx (NO+NO2) column anomaly in DU. 
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Figure 4.3: Ozone column anomalies [%] during the first October after a mid-latitude eruption in (left to right) January, April, July, and October in GEOS-5 (upper row) and ModelE (lower row). The solid line represents the extent of the ozone hole (ozone column < 220 DU) in the control simulation, and the dashed line in the perturbed simulations. 
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Figure 4.4: As Figure 4.3 for a high latitude eruption. 
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Figure 4.5: Vertical profile of the 10˚ S-10˚ N water vapor mass mixing ratio anomaly [part per million] in GEOS-5 (left) and ModelE (right) after an eruption in the southern tropics. The x-axis reports the years, starting from January of the year of the eruption. The y-axis reports the pressure in hPa.
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Figure 5.1. The global, monthly averaged GEOS-5 (left) and ModelE (right) net solar radiation at the surface for high latitude (top), mid-latitude (middle), and tropical eruptions (bottom).
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Figure 6.1.  Location of active GALION lidar network sites as of May 2016.  Sites indicated encompass the regional EARLINET, AD-NET, CIS-LINET, LALINET, CORALNET, and CREST lidar sites, as well as the global MPLNET and NDACC network sites.  Figure courtesy of E. Welton.
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Figure 6.2.  Simulated zonally averaged SO2 volume mixing ratio at 70 hPa from a GEOS-5 simulation of the 1991 Mt. Pinatubo and Mt. Cerro Hudson volcanic eruptions. Contouring of SO2 is qualitative and meant to express spreading of the volcanic plumes from these events in the context of potential airborne flight locations.  To right of figure, stars and bars indicate potential deployment latitudes and latitudinal sampling extent for the NASA WB-57 aircraft, showing possibility of good spatial coverage for latitudes north of 60 S.  Figure courtesy P. Newman.
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Figure 6.3.  Top panel shows the spatial distribution of the frequency of SO2 column loading exceeding 0.2 DU in the 0 – 2 weeks following the eruption for one ensemble member realization of the GEOS-5 simulations for each of the January volcanic eruption cases.  Bottom panel shows spatial distribution of the number of ensemble members of the GEOS-5 simulations (i.e., up to all 5 of the model realizations) where the frequency of SO2 column loading exceeds 0.2 DU more than 50% of the time.  In other words, the bottom panel is indicating the robustness of the prediction of column SO2 exceeding 0.2 DU More than 50% of the time in the two-week window.
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Figure 6.4.  As in Figure 6.3, but for January eruptions in weeks 2 – 4 following the eruption.
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Figure 6.5.  As in Figure 6.3, but for January eruptions in weeks 4 – 6 following the eruption.
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Figure 6.6.  As in Figure 6.3, but for April eruptions in weeks 0 - 2 following the eruption.
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Figure 6.7.  As in Figure 6.3, but for April eruptions in weeks 2 - 4 following the eruption.
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Figure 6.8.  As in Figure 6.3, but for April eruptions in weeks 4 - 6 following the eruption.
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Figure 6.9.  As in Figure 6.3, but for July eruptions in weeks 0 - 2 following the eruption.
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Figure 6.10.  As in Figure 6.3, but for July eruptions in weeks 2 - 4 following the eruption.
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Figure 6.11.  As in Figure 6.3, but for July eruptions in weeks 4 - 6 following the eruption.

[image: /Users/pcolarco/projects/Volcano_Response_Invited_2015/plot_so2volc.oct01.thresh.weeks0_2.png]
[image: /Users/pcolarco/projects/Volcano_Response_Invited_2015/plot_so2volc.oct01.thresh.model.weeks0_2.png]
Figure 6.12.  As in Figure 6.3, but for October eruptions in weeks 0 - 2 following the eruption.
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Figure 6.13.  As in Figure 6.3, but for October eruptions in weeks 2 - 4 following the eruption.
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Figure 6.14.  As in Figure 6.3, but for October eruptions in weeks 4 - 6 following the eruption.
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Figure 6.15.  Similar to Figure 6.3.  Top panel shows the spatial distribution of the frequency of volcanic sulfate AOD (a proxy for sulfate loading) exceeding 0.1 in the 0 – 2 weeks following the eruption for one ensemble member realization of the GEOS-5 simulations for each of the January volcanic eruption cases.  Bottom panel shows spatial distribution of the number of ensemble members of the GEOS-5 simulations (i.e., up to all 5 of the model realizations) where the frequency of AOD exceeds 0.1 more than 50% of the time.  In other words, the bottom panel is indicating the robustness of the prediction of AOD exceeding 0.1 more than 50% of the time in the two week window.
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Figure 6.16.  As in Figure 6.15, but for January eruptions in weeks 2 – 4 following the eruption.
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Figure 6.17.  As in Figure 6.15, but for January eruptions in weeks 4 – 6 following the eruption.
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Figure 6.18.  As in Figure 6.15, but for April eruptions in weeks 0 – 2 following the eruption.
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Figure 6.19.  As in Figure 6.15, but for April eruptions in weeks 2 – 4 following the eruption.
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Figure 6.20.  As in Figure 6.15, but for April eruptions in weeks 4 – 6 following the eruption.
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Figure 6.21.  As in Figure 6.15, but for July eruptions in weeks 0 – 2 following the eruption.
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Figure 6.22.  As in Figure 6.15, but for July eruptions in weeks 2 – 4 following the eruption.
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Figure 6.23.  As in Figure 6.15, but for July eruptions in weeks 4 – 6 following the eruption.
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Figure 6.24.  As in Figure 6.15, but for October eruptions in weeks 0 – 2 following the eruption.
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Figure 6.25.  As in Figure 6.15, but for October eruptions in weeks 2 – 4 following the eruption.
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Figure 6.26.  As in Figure 6.15, but for October eruptions in weeks 4 – 6 following the eruption.
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Figure 6.27.  GEOS-5 ensemble, zonal mean +/- 5 degrees latitude from 60 N profiles of volcanic SO2 volume mixing ratio (top) and sulfate mass mixing ratio (bottom) for Northern Hemisphere High Latitude eruptions for each of four eruption seasons.  Thick contour indicates 1 ppbv/ppbm contour level.
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Figure 6.28.  As in Figure 6.27, but from 45° N for Northern Hemisphere Mid Latitude eruptions.
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Figure 6.29.  As in Figure 6.27, but from 15° N for Northern Hemisphere Tropical eruptions.
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Figure 6.30.  As in Figure 6.27, but from 15° S for Southern Hemisphere Tropical eruptions.
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Figure 6.31.  As in Figure 6.27, but from 60° S for Southern Hemisphere Mid Latitude eruptions.
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Figure 6.32.  As in Figure 6.27, but from 75° S for Southern Hemisphere High Latitude eruptions.
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Weeks 0 - 2 Number of models with 50% frequency of volcanic SO2 > 0.2 DU, April eruption
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Weeks 2 - 4 Frequency of volcanic SO2 > 0.2 DU, April eruption
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Weeks 2 - 4 Number of models with 50% frequency of volcanic SO2 > 0.2 DU, April eruption
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Weeks 4 - 6 Frequency of volcanic SO2 > 0.2 DU, April eruption
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Weeks 4 - 6 Number of models with 50% frequency of volcanic SO2 > 0.2 DU, April eruption

Northern Hemisphere High Latitude Northern Hemisphere Mid Latitude Northern Hemisphere Tropics





image63.png
Northern Hemisphere High Latitude

Weeks 0 - 2 Frequency of volcanic SO2 > 0.2 DU, July eruption

Northern Hemisphere Mid Latitude

s

Northern Hemisphere Tropics

(TIETA SR
.l.' : ~-.ﬂ_,.."' SAL |
VAL IIP"‘W
SN\ W B 0974

oA AN

=\
I-\“.l ).W N
<M

Vil e

e [ 7 1'.“\‘

‘L
‘!'

—— e 7 -xll

NEU4N
NNV AP

Southern Hemisphere Tropics

Southern Hemisphere Mid Latitude

Southern Hemisphere High Latitude

.N "‘lﬂ?}!‘ “"‘-
R B | AR

I T T T

I > *:‘
.ﬂf o, l-!‘;f:’!‘ AN
-\"!-l G | OB
DANEN'ANE 4

0.02 0.05





image64.png
Weeks 0 - 2 Number of models with 50% frequency of volcanic SO2 > 0.2 DU, July eruption
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Weeks 2 - 4 Frequency of volcanic SO2 > 0.2 DU, July eruption
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Weeks 2 - 4 Number of models with 50% frequency of volcanic SO2 > 0.2 DU, July eruption
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Weeks 4 - 6 Frequency of volcanic SO2 > 0.2 DU, July eruption
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Weeks 4 - 6 Number of models with 50% frequency of volcanic SO2 > 0.2 DU, July eruption
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Weeks 0 - 2 Frequency of volcanic SO2 > 0.2 DU, October eruption
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Weeks 0 - 2 Number of models with 50% frequency of volcanic SO2 > 0.2 DU, October eruption
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Weeks 2 - 4 Frequency of volcanic SO2 > 0.2 DU, October eruption
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Weeks 2 - 4 Number of models with 50% frequency of volcanic SO2 > 0.2 DU, October eruption
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Weeks 4 - 6 Frequency of volcanic SO2 > 0.2 DU, October eruption
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Weeks 4 - 6 Number of models with 50% frequency of volcanic SO2 > 0.2 DU, October eruption
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Weeks 0 - 2 Number of models with 50% frequency of volcanic AOD > 0.1, January eruption
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Weeks 2 - 4 Frequency of volcanic AOD > 0.1, January eruption
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Weeks 2 - 4 Number of models with 50% frequency of volcanic AOD > 0.1, January eruption
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Weeks 4 - 6 Frequency of volcanic AOD > 0.1, January eruption
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Weeks 4 - 6 Number of models with 50% frequency of volcanic AOD > 0.1, January eruption
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Weeks 0 - 2 Frequency of volcanic AOD > 0.1, April eruption
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Weeks 0 - 2 Number of models with 50% frequency of volcanic AOD > 0.1, April eruption

Northern Hemisphere High Latitude Northern Hemisphere Mid Latitude Northern Hemisphere Tropics





image83.png
Weeks 2 - 4 Frequency of volcanic AOD > 0.1, April eruption
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Weeks 2 - 4 Number of models with 50% frequency of volcanic AOD > 0.1, April eruption
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Weeks 4 - 6 Number of models with 50% frequency of volcanic AOD > 0.1, April eruption
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Weeks 0 - 2 Frequency of volcanic AOD > 0.1, July eruption
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Weeks 0 - 2 Number of models with 50% frequency of volcanic AOD > 0.1, July eruption
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Weeks 2 - 4 Frequency of volcanic AOD > 0.1, July eruption
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Weeks 2 - 4 Number of models with 50% frequency of volcanic AOD > 0.1, July eruption
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Weeks 4 - 6 Frequency of volcanic AOD > 0.1, July eruption
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Weeks 4 - 6 Number of models with 50% frequency of volcanic AOD > 0.1, July eruption
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Weeks 0 - 2 Number of models with 50% frequency of volcanic AOD > 0.1, October eruption
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Weeks 2 - 4 Number of models with 50% frequency of volcanic AOD > 0.1, October eruption
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