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Background: Cryosphere
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The cryosphere is experiencing rapid Change
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Anthropogenic activities VS cryosphere environment
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The cryosphere environment is significantly affected by
human activities

Glacier melting

The climate and environmental
effects of biogeochemical cycles
in the cryosphere are changing
under a warming climate.
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Cryospheric chemistry G
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Frozen Ground: increasing permafrost tempera- \_
tures by up to 2°C and active layer thickness by up
to 90 cm since early 1980s. In the NH, southern limit
of permafrost moving north since mid 1970s, and
decreasing thickness of seasonal frozen ground by 32
cm since 1930s.

Snow cover: between 1967 and 2012, satellite data show
decreases through the year, with largest decreases (53%)
in June. Most stations report decreases in now especially
in spring.

Lake and river ice: contracting winter ice duration with
delays in autumn freeze-up proceeding more slowly than
advances in spring break-up, with evidence of recent
acceleration in both across the NH.

Glaciers: are major contributors to sea level rise. Ice mass
loss from glaciers has increased since the 1960s. Loss
rates from glac&ers outside Greenland and Antarctica
were 0.76 mm yr SLE during the 1993 to 2009 period
and 0.83 mm yr' SLE over the 2005 to 2009 period.

relevant
spatiotemporal
sources, migration and transformation
effects

components of the
distribution,  potential
processes, fate and

Ice Sheet

Ice Shelf

Sea Ice: between 1979 and 2012, Arctic sea
ice extent declined at a rate of 3.8% per
decade with larger losses in summer and autumn.

Over the same period, the extent of thick multiyear
ice in the Arctic declined at a higher rate of 13.5% per
decade. Mean sea ice thickness decreased by 1.3 -
2.3 m between 1980 and 2008.

Ice Shelves and ice tongues: continuing retreat and
collapse of ice shelves along the Antarctic Peninsula.
Progressive thinning of some other ice shelves/ice
tongues in Antarctica and Greenland.

Ice Sheets: both Greenland and Antarctic ice sheets
lost mass and contributed to sea level change over the
last 20 years. Rate of total loss and discharge from
a number of major outlet glaciers in Antarctica and i —
Greenland increased over this period. ==
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1. Potential source and processes
of cryospheric chemicals




1.1 Major sources SKLE

E Emissions from various physical, chemical, and biological processes in
nature, such as volcanic activity, sandstorms, waves, lightning, emissions
from land and marine flora and fauna, and dust from outer space ;

E Various emissions from human industrial and agricultural production and

daily activities .
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1.1 Major sources

Black carbon, commonly known as soot, is a component of fine
particulate air pollution (PM,:). It is formed by the incomplete combustion
of wood and fossil fuels, a process which also creates carbon dioxide
(CO,), carbon monoxide, and volatile organic compounds .

Black carbon: Main anthropogenic sources (kt)

2019. CEDS database.

® Commercial and residential energy
@ Transport
® Industry
@ Energy industries and other
Agriculture
\(\Faste
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® Other

E Sources differ significantly

region to region . In Asia and
Africa residential solid fuels
contribute 60-80% of
emissions, whereas in Europe
and North America diesel
engines contribute about 70%
of emissions .



1.1 Major sources SKLE

E Natural levels of mercury exist in soil, air, and water around the world .
E Mercury can enter the environment through human activities such as
the burning of coal, the extraction of metals from ore, the
manufacturing of cement, and the use and disposal of products
containing mercury, such as fluorescent Ilights and some types of
batteries . In certain regions of the world, small-scale gold mining
processes using mercury are also a significant source of mercury

pollution .

The mercury cycle
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1.2 The deposition of atmospheric chemical components into the .
~cryosphere and their main processes after deposition

Physical -Chemical -Biological processes
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1.2.1 Physical processes of cryospheric chemicals

Mainly including atmospheric dry and wet deposition, interface exchange,
snow and ice melting and ion pulse, leaching process of permafrost
active layer, sea ice salt discharge process, etc

E Taking the example of dry and wet
deposition of atmospheric chemical
components entering the
cryosphere :

E Dry depositon refers to the
transport of atmospheric chemical
components to the surface of the
cryosphere medium in the absence
of precipitation, while wet
deposition refers to the process of
chemical components settling
together with precipitation when
precipitation occurs .

dry wet sedimentation and

interface exchange



1.2.1 Physical processes of cryospheric chemicals

The basic principles and influencing factors of snow air interface exchange :

E Snow absorbs various gaseous and particulate
substances during its formation and snowfall
process . After  settling into the snhow,
temperature and radiation changes cause the
water vapor flux to vary with vertical depth,
determining the deformation and metamorphism
process of snow.

E The density of surface snow is between
approximately 0.01-0.5 g cm-3, therefore, most of
the snow space is filled with pore air that can
freely exchange with the atmosphere . The
chemical composition changes are controlled by
many physical processes, including absorption,
solid -state diffusion, and copolymerization, as
well as chemical processes such as
photochemical reactions and temperature
controlled reactions .




1.2.2 Chemical processes of cryospheric chemicals

Chemical processes mainly include isotope fractionation,
photochemical reactions, redox reactions, etc.

A The chemical reaction process is a transfer phenomenon that
Involves not only chemical phenomena but also physical
properties , including momentum, heat, and mass transfer .

A Chemical reaction refers to the process in which molecules
break down into atoms, which then rearrange and combine to
form new molecules .

A Chemical components undergo various chemical reaction
processes in the cryosphere, and the changes in the chemical
forms of each component in the cryosphere profoundly affect
the biogeochemical cycling processes, thereby having
Important impacts on the climate and environment of the
cryosphere .



1.2.2 Chemical processes of cryospheric chemicals

V Isotope fractionation : The
phenomenon in which the
isotopes of a certain chemical
element are distributed in
different proportions among
two or more substances
during physical, chemical, and
biological processes .

V Photochemical reaction : A
chemical reaction that occurs
when light energy is absorbed
under visible light or
ultraviolet radiation .




1.2.3 Biological processes of  cryospheric chemicals

Biological processes mainly include methane production and
oxidation, methylation, nitrification and denitrification, etc.

U The characteristic of organisms is metabolism , and the entire

metabolic process is the absorption and transformation  of
environmental substances by organisms from a microscopic
perspective, all of which are chemical reactions and changes that
occur at the molecular level. Therefore, many macroscopic
manifestations of organisms are caused by microscopic chemical
changes within the body, and cryosphere chemistry is closely
related to microbial activity .

Microbial activity profoundly affects the chemical cycling changes
in the cryosphere, and is one of the key processes that play an
important role in the chemical changes of glaciers, permafrost, and
seaice.




1.2.3 Biological processes of cryospheric chemicals

Methane production and oxidation :

U Methane is produced through hydrogen reduction of CO2
and acetic acid fermentation under anaerobic conditions by
methanogenic bacteria ;

U Methane oxidizing bacteria oxidize and digest methane under
aerobic conditions .
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1.2.3 Biological processes of cryospheric chemicals

U Methylation: refersto the process of catalyzing the transfer of methyl
groups from active methyl compounds to other compounds, which can
form various methyl compounds, or chemically modify certain
proteins or nucleic acids to form methylation products.

U Nitrification and Denitrification: Nitrification refers to the processin
which organisms convert organic nitrogen into ammonium ions
through microbial decomposition and mineralization; Denitrification
refers to the anaerobic respiration process in which nitrate or nitrite is
reduced to N20O -NO-NH3 by denitrifying bacteria under anaerobic
conditions.
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2. Climate and environmental effects
of cryospheric chemistry
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Climate and environmental effects of cryospheric chemistry

U Cryospheric chemistry can play important roles in the climate
system at different time scales (daily, seasonal, interannual, decadal,
and centennial).

U These effects are mainly achieved by affecting the Earth's surface
energy water cycle processes , such as influencing radiation balance
processes (such as snow ice albedo feedback mechanisms), and the
exchange of chemical components between the cryosphere and
other layers.

U The spatiotemporal changes of glaciers (ice sheets), snow cover,
river and lake ice, and sea ice significantly affect global energy
balance, water cycle, and environmental processes, which in turn
affect climate and environmental change.



Climate and environmental effects of  cryospheric chemistry

Mainly including the following climate and environmental effects:

Climate effects of ice nuclei
Climate and environmental effects of seaice
Climate effects of carbonaceous aerosols

Climate and environmental effects of dust

o Io Do I» Do

Climate and environmental effects of carbon sources and

sinksin the cryosphere

A Environmental risks associated with rapid changes in the
cryosphere



2.1 Climate effects of ice nuclei

Ice nuclei refer to solid particles in the atmosphere that can
cause water vapor to condense or supercooled water droplets to
freeze and form ice crystals .

E Ice nuclei mainly come from atmospheric aerosol particles, but only a small
portion of aerosol particles can become ice nuclei. The ratio of ice nuclei to
aerosols is 10-3-10%, and the nucleation efficiency varies with temperature and
the supersaturation state of ice. Both natural and human activities can produce
ice nuclei, and the sources of atmospheric ice nuclei include dust particles,
mineral dust, industrial smoke, volcanic ash streams from volcanic eruptions,
and meteor dust.

E Ice nuclei may have significant
‘ impacts on the macroscopic and
microscopic structure, radiation
characteristics, and physical
properties of clouds . Ice nuclei play
an important role in many physical
processes, and are equally important
as cloud condensation nuclei .
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2.1 Climate effects of ice nuclei

©

8!ack carbon
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No black carbon

¥hen sunlight hits clean snow or ice ‘
most of it is reflected back into space. Black carbon pamc es make the snow.

and ice slightly darker — soles mcﬂ

Instead, the light is absorbed and turns into
heat so snow and ice warm up and so melt faster,

Ice nuclei (such as SO ,2- aerosol particles, black carbon, etc.)
have a profound impact on global climate change.
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2.2 Climate effects of carbonaceous and dust aerosols

E Carbonaceous aerosols are an important component of atmospheric
aerosols, which can affect global climate change, atmospheric
visibility, regional air quality, and human health

Black Carbon (BC) Aerosol Processes in the Climate System

E If carbonates are not

S i vy et considered, carbon in
s aerosols can be divided
:’:’ﬁ z:;?;n,ofw:%; :“ //E - into two  categories :
gcisiosecogng L g organic carbon (OC) and
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elemental carbon (EC),
which are important
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P e T - atmospheric aerosols .

Bond et al., 2013




2.2 Climate effects of carbonaceous and dust aerosols

LAPS in
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Albedo

Enhanced Water
melting resource

Black carbon can substantially
enhance snow and glacier melting.




2.3 Environmental risks due to rapid cryospheric change

Cryosphere is a pool for atmospheric
mercury pollutants
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2.4 Climate and environmental effects of carbon sources and sinks SKILES

U Feedback effect of permafrost carbon cycle and climate warming

The long -term accumulation of organic carbon storage in soils of
permafrost regions in the northern hemisphere reaches 1466 ~1672GtC
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2.4 Climate and environmental effects of carbon sources and sinks

The rapid degradation of
permafrost regions, the melting
of underground ice, and the
significant changes in carbon
release caused by permafrost
thermal karst landforms have led
to the loss of carbon reservoirs .
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2.5 Climate and environmental effects of seaice | C

0 0 Rapid retreat of sea ice:
0 0] E Seasonal primary productivity
m '1 advances, leading to an increase
0 , ﬁ } /| in the abundance of ice algae and
0,80 e el O LAl || plankton ;
E The release of dimethyl sulfide
DMS increases, and the capture
R e : ~of COZincreases ;
CaCO, dissaluon ) .| E The reduction of sea ice animal
Hhores communities, endemic fish and
animals in the region ;
E CH4 release increases, halogen
components decrease, and ozone

depletion decreases

Remineralization

Mar 17,2018

Fig. 1| Schematic of seasonal sea-ice biogeochemical processes in the Arctic Ocean. Black arrows represent the directionality of biogeochemical
exchanges; for example, across an interface (such as CO, efflux from the ocean to the atmosphere and release of reactive halogen species from the ice
surface) or throughout an interval (such as brine drainage and convection along the ice-water interface, and heterotrophic remineralization of organic
material throughout the brine network). Dashed lines illustrate diffusive gradients, such as that of dissolved inorganic carbon (DIC). Yellow arrows indicate
solar radiation. Ice-associated and pelagic microalgal communities and their grazers are represented by orange shading and symbols. The biological
carbon pump links carbon exchange processes in the surface to sequestration at depth through POC and dissolved organic carbon (DOC) export,
illustrated by arrows penetrating below the mixed layer (darker shading). Surface processes further impact climate active gases, such as DMS and CH, as
well as volatile organic compounds (VOC), which can contribute to the formation of cloud condensation nuclei (CCN). Figure adapted from ref, .

Lannuzel et al., 2020, NCC
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3. Glacier ch




Research framework for snow and ice recording of
atmospheric components -/
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Monitoring

A lce core

A Snowpit

A Surface snow

Keep clean !!!




3.1 Inorganic chemicals

Main sources:

V
V
V
V
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Crustal chemical
composition

Sea salt

Natural events (volcanic
eruptions, forest fires)
Human activity emissions

To determine the contribution of
different sources of chemical ions,
it is usually assumed that all Na+ in

snow and ice comes from the ocean.

The contribution of sea salt (ss) and
non sea salt (nss) can Dbe
distinguished based on the ratio of
snow and ice ions to Nat in
standard seawater :

nssA = A 0 Na (ssA/ssNa)

Major ions in snowpit of west China



