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Outline

» Background
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> Conclusions




A reduction of sea ice extent In summer
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Physical environmental changes in the Pacific

Arctic region 6. 19years
4F 5 to 7 year intervals ]
1998 2010
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Year  Data from Proshutinsky A

Woodgate et al., 2012

® Bering Strait throughflow has increased by ~50%0

Increase in sea
surface height

Giles et al., 2012

® The anticyclonic circulation (ACCRs) has
strengthened the Beaufort Gyre (+AOO index) ,
accumulation of freshwater, and downwelling

(Ekman Pumping) in the Canada Basin, all
[NOAA, Arctic report card: update for 2011] resulting in an expansion and deepening of

® More PWW advected directly into the interior basin the PWW area




Summary the environmental changes in the Pacific Arctic region

» Increase in sea surface temperatures (steele etal., 2008)

» Rapid sea-ice retreat (perovich et al., 2009)

» A freshening of surface waters (vamamoto-kawai et al., 2009)

» An increase in Pacific water inflow into the Arctic woodgate et al., 2012)
» An increase in surface carbon CO, concentrations (caietal., 2010)

» Increased rates of primary production (arigo and van Dijken, 2012)

» An increased freshwater storage itesetal., 2012)




AQOO index

Complexity of OA study in the Arctic

Abnormal
Accumulation
of PWW
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Divergence
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Year First deep ocean where such
surface undersaturation

has been observed )10

Bates et al., 2013

(Arrigo et al., 2014) GSO\ .

40% of samples had Q___of <1.0 "W

arag



if we define a critical state of
Q0 <1.25, where the growth
of carbonate mineral-bearing
organisms could be threatened
(see Methods), it expanded at

a rate of 2.7% per year

The vertical extent of the
undersaturated water has
increased by about six-fold
with a rate of increase of
1.5% per year.



Surface-Melting sea-ice and atmospheric CO, invasion

2010

Shelf/Slope

Chukchi Abyssal Plain
southern Canada Baisn
northern Canada Basin
Makarov Basin

1994

Shelf/Slope

Chukchi Abyssal Plain
northern Canada Basin
Makarov Basin

4méepte

Melting sea-ice and
atmospheric CO2
invasion

< oOopPpo

DIN : PO4 method
» Mixing of seawater with low-Q aragonite meltwater would reduce Q aragonite

by ~0.24;
» Rapid CO, uptake from the atmosphere reduce Q aragonite by ~0.30.




Subsurface 50-250 m (-Increase in PWW intrusion(Major)

2010
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Ice-melt water
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DIN : PO4 method

Recent significant increases in Pacific winter waters (PWW) intrusion have

contributed to the widespread “corrosive acidified”” waters in Arctic Ocean.




®Subsurface-Increase in decomposition of organic matter in the northern basin
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® The result of increased microbial respiration
of organic matter originating locally from the

Q arag surface production enhanced by recent sea-
ice melt in the northern basin




AW

Middle layer (AW, 250-800 m)-Ant. CO,& increase in respiration Adlantic Water

The transit time for North
Atlantic surface water to 16+2
reach the Canada Basin
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Ice-melt water

—) \PSW
Aw
Y

Aaw B

Two water sources supporting the Arctic PWW.

First is the northward flowing of the Bering Sea water into the Arctic Ocean
in winter, which compensates the loss of surface water under the influence of
north wind (Pickart et al.)

Second is the brine rejection produced dense water in the polynyas of the
Chukchi Sea, Beaufort Sea, and along the Alaskan Coast .
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There are several physical processes influencing the

expansion of PWW
More PWW advected More ice-free/open water

In the summer season
followed by grow more of
PWW in the fall/winter

directly into the
interior basin

Woodgate et al., 2012 GRL Weingartner et al., 2005 DSRII

Brugler et al., 2014 PO
Proshutinsky et al., 2011 (NOVAA)




In addition, inflowing PWW is further modulated by the Beaufort Gyre (BG

2008, 2010

(1997-2015) : Anticyclonic
circulation ; 19 years

® The anticyclonic circulation has strengthened the Beaufort
Gyre, accumulation of freshwater, and downwelling (Ekman
Pumping) in the Canada Basin, all resulting in an expansion and
deepening of the PWW area, and the associated aragonite
undersaturation area.

®Thus, we conclude that the expansion of PWW, modulated by
the larger climate change pattern, is the main process that
enhanced ocean acidification.




Conclusion

» QOver the period of record (from 1994 to 2010), the fraction of under- saturated
water in the Arctic ocean increased every year, The vertical extent of the
undersaturated water has increased by about six-fold with a rate of change at 1.5% per
year.

» Tracer data and model simulations suggest that the recent increase in Pacific winter
water (PWW) invasion driven by an anomalous circulation pattern and sea-ice
retreat is primarily responsible for the rapid expansion of the “acidifiying” water in the
Arctic Ocean basins.

» Local biological recycling and anthropogenic carbon dioxide (CO,) uptake have
also played roles in increasing the extent of the affected area.
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Increase in acidifying water in the western Arctic Ocean

http://www.nature.com/nclimate/journal/v7/n3/full/nclimate3228.html

The cover shows the Chinese icebreaker “Xuelong” works on the Arctic during
the Chinese national Arctic research expedition (CHINARE) T



Anomalous ACCR started in 1997 has dominated in the
The summary of this story Arctic over the last 19 years (1997-2015) that favours the

accumulation of PWW in the Canadian Basin

Accumulation

om North Pacific Bering Sea Bering Strait [

{ ea Ice R\

Salt is released during the winter time lAnthropogeniccoz ? En ha nced BG
50 m bmganic ‘

Carbon Recycling

,, Qacidiﬁcation
T ”

250 m

1500 m

Increase in acidifying water in the western Arctic Ocean driven by:
® Increased Pacific Winter Water (PWW) transport driven by an Intrusion

anomalous circulation pattern and sea-ice retreat (Major)
® Local carbon recycling and anthropogenic CO, uptake (Minor)

Note:
The corrosive water (PWW) observed in the shallow depths of North Pacific can be explained by the global
thermohaline circulation (or Ocean Conveyor Belt) theory [Broecker,1991].




China’s Contribution to the
Researches of Carbon Cycle and
Ocean Acidification in the Arctic

Ocean and Southern Ocean
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Arctic Ocean Carbon Cycle and Ocean
Acidification



Southern Ocean Carbon Cycle and Ocean
Acidification
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order to better understand the carbon cycle and OA in
the Polar regions
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