
Modeling	  Beaufort-‐Chukchi	  Sea	  Ice-‐Ocean	  
Ecosystem	  Using	  Coupled	  CIOM-‐PhEcoM	  

•  CIOM	  with	  fully	  dynamics	  and	  	  
thermodynamics,	  mul8ple	  category	  
ice	  thickness	  (ridging)	  (Wang	  et	  al.	  2002,	  
Manual/users’	  guide)	  
•  3.8km	  and	  21	  level	  
•  6-‐hourly	  or	  daily	  forcing	  
•  3	  configura8ons:	  	  
Bering	  Sea	  only	  	  	  	  	  	  	  	  	  	  	  	  	  (7-‐12km),	  	  
Beaufort-‐Chukchi	  only	  (3.8-‐7km),	  	  
Bering-‐Chukchi	  Sea	  	  	  	  	  	  (3.8-‐12km)	  
•  Hypotheses	  test/RUSALCA	  synthesis	  
•  Realis8c	  simula8on	  
•  PhEcoM—Physical-‐Ecosystem	  Model-‐NPZD	  
(Wang	  et	  al.	  2003,	  manual/user’s	  guide)	  
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RUSALCA             2004                                                                          2009 
 

CIOM-simulated August depth-averaged currents in the Chukchi Sea (Hu et al, in prep)   



Unit:	  
x106	  
m3 

Mean STD Max Min 

ObservaNons 

Barrow	  
Canyo
n 

0.443 0.606 1.373 
-‐1.419	  
(westw
ard) 

0.48	  (itoh	  et	  al	  2013) 

Central	  
Valley 

0.269 0.302 1.120 
-‐0.568	  
(south
ward) 

0.2	  ±	  0.1	  (Weingartner	  et	  al.	  
2005) 

Herald	  
Valley 

0.248 0.364 0.835 
-‐0.909	  
(south
ward) 

0.1~0.3	  (Woodgate	  et	  al	  2004) 

Long	  
Strait 

0.056 0.420 1.128 
-‐1.147	  
(eastw
ard) 

?? 

Bering	  
Strait 

0.997 0.791 2.465 
-‐0.982	  
(south
ward) 

0.8	  ±	  0.2	  (Woodgate	  et	  al.	  
2004) 

Table: Water transports in the 
Chukchi Sea in 2009, positive 
and negative values denote 
flowing into and out of Chukchi 
Sea, respectively. 
 
(freshwater flux and heat flux 
can be calculated and compared 
to JAMSTEC moorings) 
 



Verifica8on	  of	  CIOM	  using	  2004	  RUSALCA	  Data	  (T&V)	  	  
in	  the	  Bering-‐Beaufort-‐Chukchi	  Seas	  	  

4	  

Aug	  2004	  

Observed	  (Pickart	  2009)	   CIOM-‐simulated	  (GLERL)	  

 (Bai et al, in prep) 	  



Shelf	  

Coupled	  CIOM-‐PhEcoM	  (NPZD)	  model	  results	  

Wang et al.  
(2013, JGR) 



Responses	  of	  the	  Chukchi-‐Beaufort	  
Sea	  to	  storm	  passages	  during	  winter	  

2006/2007	  
	  

Xuezhi	  Bai	  and	  Jia	  Wang	  
U	  of	  Michigan,	  NOAA/GLERL	  

DJFM	  Ice	  drifs	  

DJFM	  top	  50m	  currents	  

CIOM	  forced	  by	  NCEP2	  6-‐hourly	  forcing	  

Daily	  Obs.	  (black)	  vs.	  simula8on	  (red)	  sea	  ice	  speed	  

Difference	  of	  ice	  
and	  water	  speed	  
increases	  along	  
with	  wind	  speed	  

(Bai et al, submitted) 	  



Fig. 10 shows the distribution of these realizations over the course
of the year.

The first EOF mode for this subset of the record explains 69%
of the variance (Fig. 10). The addition of 71 standard deviation
back into the mean shows a strong surface-intensified westward
flow during the height of the storms (Fig. 10A, negative extreme),
and an eastward-flowing shelfbreak jet with a strong deep
extension during the periods bracketing the storms (Fig. 10B,
positive extreme). Note that the signature of this mode extends
quite deep and far offshore. The eastward velocities in the deep
tail are of the same order as those of the mean shelfbreak jet itself.
Inspection of the individual daily sections reveals that the deep
eastward-flowing core forms shortly after the storm abates.
Performing an EOF calculation on the remaining 292 ‘‘non-
upwelling’’ realizations, it is found that this feature is absent
from the dominant mode (which explains 59% of the variance, not
shown). This explicitly demonstrates that the deep tail of the
boundary current in the winter composite (and in the year-long
mean section) is associated with the occurrence of upwelling
storm events in the southern Canada Basin. It also indicates that
the direct influence of the wind extends to depths of 800–1000 m.

It is not obvious what causes the flux of eastward momentum
to deeper depths following the storms, but, as a result, the

underlying Atlantic water is accelerated during the fall and
wintertime period. Synoptically (i.e. shortly after a storm) this
flow can exceed 40 cm s!1 with strong lateral velocity shears.
This in turn might lead to conditions favorable for barotropic
instability and eddy formation. Observations in the southern
Canada Basin have revealed both cyclonic and anti-cyclonic eddies
of Atlantic water (D’Asaro, 1988; S. Zimmermann, pers. comm.,
2007) whose origin may be related to this. A synoptic shipboard
velocity section occupied 300 km to the west across the Chukchi
shelfbreak, during upwelling conditions, showed a similar double-
core boundary current structure (Llinas et al., 2008). This suggests
that the double-core signature of the boundary current is not
confined to the geographical area near the array. Further work is
necessary to understand the dynamics of this energized state of
the deep component of the western Arctic boundary current.

5. Transport

The long-term average transport of Pacific water flowing
northward through Bering Strait is approximately 0.8 Sv (Roach
et al., 1995; Woodgate et al., 2005a). Within the Chukchi Sea the
majority of the flow is believed to follow three different branches

ARTICLE IN PRESS

Fig. 7. Vertical sections of the composite averages of velocity, potential temperature and salinity for (A, B) spring: March–June 2003; (C, D) summer: August–September
2002 and July 2003; (E, F) winter: October 2002–February 2003. Notations as in Fig. 4. Note that the velocity color scale is different from Figs. 4 and 5.

A. Nikolopoulos et al. / Deep-Sea Research II 56 (2009) 1164–1181 1171

(with a weak ‘‘tail’’ extending to 250 m). The current has
distinct seasonal configurations, but in the mean it advects
Pacific-origin summer water near the shelf break (at depths
shallower than 100 m) and Pacific-origin winter water at
deeper depths (to roughly 150 m). Below this resides the
warm (>!1.2!C) and salty (>33.6) Atlantic Water. As dis-
cussed by Nikolopoulos et al. [2009], the boundary current
readily reverses to the west under easterly winds, which are
common in the fall and winter. An example of this is shown

in Figures 3c and 3d for a storm in early November 2002. In
this case the boundary current was flowing nearly 1 m s!1

to the west as a surface-intensified jet. Coincident with this,
the isohalines (and isopycnals) were sloped strongly upward
toward the boundary, and upwelled Atlantic water was
present on the shelf.
[12] We devised two different methods for identifying the

upwelling events in the mooring records. The first approach
used the gridded vertical sections extending across the

Figure 3. Vertical sections from the mooring array. (a and c) Velocity (cm s!1) and (b and d) potential
temperature (color, !C) with salinity (contours) overlaid. Positive velocity is along 125!T. Figures 3a
and 3b contain the yearlong mean sections over the time period 2 August 2002 to 31 July 2003 [from
Nikolopoulos et al., 2009], and Figures 3c and 3d are snapshots from an upwelling event in early
November 2002.
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Obs	  	  winter	   CIOM	  DJFM	  

Obs	  	  upwelling	  Nov.	  2002	   CIOM	  upwelling	  Oct	  2006	  

CIOM	  downlling	  27	  Feb	  2007	  CIOM	  upwelling	  13	  Jan.	  2007	  

Shelf	  break	  	  
current	  	  	  
reverse	  

152W	  



Surface	  Heat	  flux	  increases	  
drama8cally	  during	  storm	  passage	  
Mainly	  from	  the	  sensible	  flux	  over	  
the	  open	  water	  

Prior	  to	  Strom	  

Peak	  

Decay	  

Surface	  Heat	  Flux	  



The	  CIOM-‐simulated	  January	  to	  June	  climatological	  landfast	  ice	  extent	  (from	  1996-‐2004,	  black	  shaded)	  compared	  to	  
landfast	  ice	  edge	  loca8ons	  derived	  from	  synthe8c	  aperture	  radar	  satellite	  data	  (red	  dots)	  averaged	  for	  the	  period	  
1996-‐2004.	  Green	  vectors	  are	  wind	  stress	  in	  units	  of10-‐5	  N	  m-‐2.	  	  
	  	  

CIOM	  reproduces	  Beaufort-‐Chukchi	  Seas	  landfast	  ice	  

Wang et al.  
(2014a, JGR) 



a) Modeled seasonal climatology of landfast ice area with standard deviations (the vertical bars denote 
one standard deviation) for the period of 1990-2007; b) Modeled monthly landfast ice area from 1990 to 
2007; and c) Modeled monthly landfast ice area anomalies from 1990-2007. A 5-year running mean (thick 
dashed line) and a downward trend (thick solid line) are also given. The linear regression line is presented 
by Ice Area=0.4344-0.0040M, where units are in 104 km2 and M is in months).The landfast ice area is 
calculated within the Beaufort and Chukchi coastal region between 160oW and 134oW. 
 

a) 

b) 

c) 

CIOM-simulated Beaufort-Chukchi Seas landfast ice seasonal/interannual variability 

Wang et al.  
(2014a, JGR) 



Composite sea ice thickness (in meters) composite mean in the Beaufort and Chukchi seas in March during +DA (a) and –
DA (b) phases, simulated by the CIOM. h_diff denotes the sea ice thickness difference between the -DA (b) and +DA (a) 
composite means. Unit of color bars for thickness difference is in meters. 

+DA 
 
 
 
 
 
 
-DA 
 
 
 
 
 
 
h_diff 

March 

c)    

b)    

a)    

Wang et al.  
(2014a, JGR) 

DA’s Impact on Beaufort-Chukchi Seas ice: interannual variability 

AO (mode 1)       DA (mode 2) 



Pacific Arctic 
sea ice	

An ice/ocean albedo feedback loop and ice/cloud feedback loop are accelerated by a series of intermittent +DA forcings. The red 
arrows are associated with +DA forcing, which applies the positive feedback to the SST/SAT, or negative feedback to the sea ice, 
causing the unprecedented loss of Arctic summer sea ice and a series of record-breaking ice minima.  + and – signs denote the 
positive and negative feedback, respectively. The positive feedback means that a change in one item (say A) affects the other 
item (say B), which feeds back so that A makes the change in the same direction as the original change. Note that associated 
with +DA, red arrow 1 indicates the northward advection of warmer SAT in the northern North Pacific to the Arctic by the 
anomalous meridional wind; Red arrow 2 denotes that anomalous meridional wind directly accelerates the TDS, which promotes 
export of more ice out of the Arctic; Red arrow 3indicates the direct advection of sea ice by the anomalous meridional wind; and 
red arrow 4 denotes the warming impact of the ocean heat transport from the Bering Sea promoted by the anomalous northward 
(or meridional) wind.    
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Wang et al.  
(2014b, Springer  
Book, chapter 4) 

DA accelerates the ice/ocean albedo feedback 
annual loop/wheel/cycle by intermittent impulses  



Proposed New Arctic-CIOM 
Configuration for RUSALCA’s 

Northward Expansion, 2015-2020 

•  CIOM	  with	  fully	  dynamics	  and	  	  
thermodynamics,	  mul8ple	  	  
category	  ice	  thickness	  (ridging)	  
•  ~4/12km	  in	  ESS/elsewhere	  
•  36	  level	  
•  6-‐hourly	  or	  daily	  forcing	  
•  Hypotheses	  test/RUSALCA	  	  

	  synthesis	  
•  Realis8c	  simula8on	  
•  PhEcoM—Physical-‐Ecosystem	  

Model-‐NPZD	  

	  

(Wang et al.  
2005, JO) 


