Introduction

Volcanic eruptions and large-scale circulation changes could occur concurrently making
it difficult to separate the volcanic impacts from natural climate variability (Dogar et al.
2022). For example, North American and Eurasian warming have been observed during
the first winter after the two major tropical eruptions of the last century (i.e., EI Chichdn
and Pinatubo). Similarly, a strong cooling was observed in the Middle East and North
Africa (MENA) region after both these eruptions (Dogar et al. 2017). Therefore, to better
understand the effects of volcanism and natural variability, we delineated the climatic
impacts of volcanism and natural variability in the MENA region.

Methodology

GFDL's global High Resolution Atmospheric Model (HIRAM) simulations and University
of Delaware (UDEL) observations are used to analyze the climatic impact of El Chichon
and Pinatubo eruptions in the MENA region. Multiple regression analysis is used to
delineate the contribution of volcanism and internal variability (i.e., ENSO, NAO and
Indian monsoon) during two post-volcanic winter seasons.

Total Temperature and Precipitation Response

A strong cooling and associated decreased precipitation in winter both in UDEL
observations and HIRAM model following volcanism is seen over the MENA region.
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Fig. 1: Anomalies of Surface air temperature (K) and Precipitation (mm/day) following the El
Chichdn and Pinatubo eruptions, calculated for two winters using (a) UDEL observations, (b)
HIRAM output. Hatching shows the statistically significant areas with at least 95%
confidence level.

ENSO and NAO Response

Figures 2 and 3 show the regressed impact of ENSO and NAO on temperature in winter
over the MENA region. The model underestimates the magnitude of ENSO and NAO-
induced winter cooling compared to the observations, although their overall spatial patterns

are coherent.
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Volcanic Radiative Cooling

Figures 4 shows the residual winter season anomalies of surface air temperature and precipitation,

calculated by subtracting linear trend, ENSO, and NAO-regressed fields from the total anomaly. The
direct radiative impact over MENA, especially in the Arabian peninsula is strong. Model underestimate
this winter cooling signal, which could be attributed to other regional internal variability signals that are
not considered in the multiple regression (e.g., East Asian/West Russian mode, signal caused by

winter jet streams) and could be important.
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Summary and Conclusions

The strong large-scale global and regional circulation anomalies, along with direct volcanic aerosol
radiative cooling, cause an enormously strong climate response over the MENA region in winter.
Therefore, while analyzing volcanic signals, contribution due to concurrent large-scale circulation
changes interfered by internal variability (e.g., ENSO, NAO) must be taken into account to better
quantify the regional climatic impacts of volcanism and natural variability. The existing uncertainties in
the simulated response to volcanism, that are mainly introduced by post-volcanic concurrent internal
variability signal, are not well reflected in models. It is suggested that these uncertainties could be
improved by considering synchronized modeling approach involving multimodal with large ensembles.
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