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Reports of gamma rays and neutrons 
observed at ground level below thunderstorms 
have appeared in the scientific literature for 
the past several decades. There have also 
been observations of intense flashes of gamma 
rays and electrons associated with thunder-
storms by at least four different orbiting space-
craft since 1994. These have been termed ter-
restrial gamma ray flashes (TGFs). The lat-
est development in this area of research is a 
comprehensive set of ground- level measure-
ments of the spectra of high- energy gamma 
rays and electrons, along with neutrons, 
from a large array of cosmic ray detectors on 
Mount Aragats, in Armenia. The relationship 
of ground- level radiation to spaceborne TGFs 
is unknown, and details of the origin of both 
phenomena are still highly uncertain.

A meeting was held at the conference cen-
ter of the Mount Aragats cosmic ray facility 
near Yerevan, Armenia. The purpose of the 
meeting was to discuss recent observations 
of these phenomena, the theory associated 
with them, related phenomena, and future 
directions in this new and rapidly expand-
ing field. The conference was organized by 
the cosmic ray division of the Artem Alikh-
anyan National Laboratory (formerly known 
as the Yerevan Physics Institute), the Arme-
nian State Science Committee, the Skobelt-
syn Institute of Nuclear Physics of Moscow 
State University, and the Committee on 
Space Research ( COSPAR). There were 40 
attendees at the meeting; most were from 
Armenia and Russia.

Most researchers in this field agree that the 
mechanism producing the high- energy radia-
tion associated with thunderstorms is a pro-
cess known as the relativistic runaway elec-
tron avalanche (RREA). In this process, elec-
trons can be accelerated and multiplied via 
an avalanche process to very high energies 
and high intensities. The relativistic electrons 
produce high- energy gamma rays via brems-
strahlung interactions with air (bremsstrah-
lung, from the German bremsen, “to brake,” 
and strahlung, “radiation,” i.e., “braking radia-
tion” or “deceleration radiation,” is electro-
magnetic radiation produced by the accelera-
tion of a charged particle, such as an elec-
tron, when deflected by another charged par-
ticle). There are also thought to be positive 
feedback mechanisms involving positrons 
and Compton- produced electrons that further 
increase the radiation fluxes. The RREA pro-
cess occurs within the strong electric fields 
and presumably over long distances within 
or near thunderstorms. These fields are also 
responsible for lightning production. An 
unusual aspect of the ground- based obser-
vations is that the RREA process, the feed-
back mechanism, and TGFs all occur on time 
scales of milliseconds or less, whereas the 
ground- based radiation increases observed 
are on time scales of minutes. The RREA pro-
cess cannot be duplicated in the laboratory 
because of the high electric fields and long- 
distance scales required.

The ground- based observations of high- 
energy radiation below low- lying thunder-
storms were the primary topic of the meet-
ing. Other talks included a review of space- 
based observations of TGFs, details of the 
RREA theory and simulations, broadband 
radio emission from thunderstorms and 
its detection, transient luminous phenom-
ena in the upper atmosphere above thun-
derstorms, and cosmic ray relationships 
with space weather and possible climate 
change. 

The fluxes of these high- energy particles 
(the highest- known energies of particles 

originating in the atmosphere) result in the 
deposit of these particles from the upper 
atmosphere to the ionosphere and magneto-
sphere. Participants agreed that these phe-
nomena should be considered as an integral 
component of solar- terrestrial connections, 
because thunderstorms are largely driven 
by solar- induced convection. The investiga-
tion of the RREA process may be helpful for 
understanding a basic physical process that 
can inject high- energy radiation into space 
and is observable with instruments on the 
ground near thunderstorms. 

The conference presentations are avail-
able at http:// us .aragats .am/  Conferences/ 
tepa2010/  Presentations. The meeting pro-
ceedings will be available in early 2011.
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The Arctic is particularly sensitive to cli-
mate change. In a warming world, reduc-
tions in ice- covered area on land and sea 
increase the amount of solar radiation 
absorbed at the Earth’s surface. Thus, tem-
peratures should increase more rapidly at 
high northern latitudes than elsewhere. Mod-
ern observations of temperature increases, 
reductions in the mass balances of the 
Greenland ice sheet and small glaciers, and 
loss of sea ice extent confirm climate sci-
entists’ expectations of enhanced Arctic 
response to climate change. 

Although the first- order mechanisms 
responsible for Arctic climate change are 
well understood, the details must be provided 
by the paleoclimate record. In particular, 
changes in Northern Hemisphere ice sheets 
are an important part of Arctic paleoclimate 
history since the last deglaciation (~15,000 
years ago to present); meltwater releases from 
the ice sheets likely caused sea level to rise 
and ocean circulation to change, with subse-
quent effects on the atmosphere. 

To help establish a more complete pic-
ture of changes in Arctic climate and ice 
sheet behavior, the Arctic Paleoclimate 
and its Extremes (APEX) program and the 

Meltwater routing and Ocean- Cryosphere- 
Atmosphere response (MOCA) project held 
a joint conference in Iceland. Afterward, the 
MOCA project participants held a separate 
1- day meeting. A 2- day field excursion pre-
ceded the scientific program. 

The theme of the joint meeting was Arc-
tic paleoclimate proxies and chronolo-
gies. Highlights of the scientific program 
included a new proxy for paleo–sea ice 
cover from sediment cores (T. Cronin, 
U.S. Geological Survey). This work shows 
that sea ice extent during the late glacial 
and early Holocene (14,500–5000 years 
ago) was much smaller than the observed 
extent in the past few hundred years. Sev-
eral participants (L. Bjárnadottir, Univer-
sity of Tromsø; A. Kilfeather, Durham Uni-
versity; M. Jakobsson, Stockholm Univer-
sity) presented new bathymetry data from 
the seafloor. These data indicate the pres-
ence of fast flowing glacial ice in the west-
ern Barents Sea, offshore from Jakobshavn 
Isbrae in Greenland, and in Pine Island 
Bay in Antarctica. There were also sev-
eral presentations on glacial chronology 
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