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Introduction
The Regional Arctic System

 M
odel (RASM

) is a high resolution (1/12°) coupled regional 
m

odel capable of sim
ulating past, present and future states of the Arctic clim

ate system
. W

e 
seek to evaluate the role of freshwater in the evolution of the ocean state by providing 
freshwater runoff from

 land sources, including ice discharge from
 the G

reenland Ice Sheet 
and other ice caps or tidewater glaciers. In this focused study, our m

odel configuration 
utilizes a m

ore restrictive com
ponent set of the fully coupled RASM

 m
odel by only allowing 

ocean (Parallel O
cean Program

, PO
P) and and sea ice (CICE) m

odels to be actively 
coupled. This ocean-ice configuration is forced by atm

ospheric reanalyses given from
 the 

Coordinated O
cean-ice Reference Experim

ents
1 (CO

RE2) data set. The land ice m
odel is 

unused and kept as a stub, while the land m
odel is used in data-m

ode only so that the 
freshwater forcing can be provided to the ocean. 

W
ith this m

ore realistically forced ocean, we evaluate the im
pact runoff has in the ocean 

currents around G
reenland, where significant variability in ice discharge rates m

ay result in 
critical feedbacks in the ocean dynam

ics. In this prelim
inary evaluation of results, we focus 

on the role the freshwater forcing has in the W
est G

reenland Current, a current that is 
m

aintained, in part, by bouyancy flow.   

Freshwater Forcing
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Future Directions

W
e provide a realistic runoff, or freshwater flux, into PO

P at a m
onthly resolution throughout 

the entire length of the m
odel run, from

 1958-2007. This freshwater forcing is based on the 
runoff given by the CO

RE2
1 data sets, which includes an evaluation of ice discharge. A 

rem
apping schem

e is em
ployed to transfer the runoff in CO

RE2ʼs Arctic region onto the PO
P 

dom
ain used in RASM

. This forcing is provided to the surface level (5 m
 thick) grid point 

along the swath of 3-4 coastal grid cells that extend from
 the land.

G
iven that the m

apping projections and resolutions differ between CO
RE2 and RASM

ʼs 
dom

ain, care was taken to accurately rem
ap the runoff values (kg/m

2/s) from
 CO

RE2 onto 
the PO

P dom
ain in RASM

. First, a coastline grid was created within PO
Pʼs ocean dom

ain in 
RASM

 to designate coastal points that extend 3-4 grid cells away from
 the land. Then, for 

each of these cells, we find the nearest grid cell in the CO
RE2 dom

ain, according to their 
latitudes and longitudes. Finally, the original runoff value given by CO

RE2 is divided by 10 
before being designated to the PO

P coastal grid. Because the CO
RE2 resolution is on the 

order of 100km
 whereas RASM

ʼs PO
P dom

ain is on the order of 10km
, the PO

P dom
ain grid 

cell m
ay be nearest to a land dom

ain cell of CO
RE2 because of the coarser resolution. To 

avoid this and to create a continuous runoff m
ap, if the algorithm

 determ
ines a runoff value of 

zero for the PO
P dom

ain grid cell, then it searches in all of the adjacent CO
RE2 cells for, 

again, the nearest non-zero runoff. 

The above m
ethod relies on a factor of 1/10 when converting CO

RE2 runoff values onto the 
higher resolution PO

P dom
ain, and searching in adjacent cells when a runoff value of zero is 

reached. This approach does not conserve m
ass, and produces ~20%

 m
ore freshwater flux 

from
 1958-2007 in the PO

P dom
ain. This discrepancy is shown in Figure (1) below. However, 

despite this over saturation of m
ass com

pared to the CO
RE2 data, we still used this forcing 

for the 50 year sim
ulation presented here. A

 display of the resulting freshwater fluxes are 
given in the bottom

 figures.      

W
e will further analyze these m

odel results, focusing on how
 freshwater m

ay alter 
ocean dynam

ics, especially around G
reenland. W

ith these two m
odel sim

ulations, we 
will better explore shorter tim

e scale features in the ocean dynam
ics to understand if a 

realistically forced freshwater flux can enhance boundary current flow, especially in the 
W

est G
reenland Current. Sim

ilarly, warm
 eddies em

erging from
 interm

ediate Irm
inger 

waters could be affected by the bouyancy flow, and we will investigate how
 the 

sim
ulations perform

 com
pared to observations.   

W
hile rem

apping CO
RE2 runoff values onto the PO

P dom
ain for RASM

 runs, the 
factor of 1/10 was chosen by trial-and-error for its approxim

ate agreem
ent between 

the original freshwater m
ass flux and the rem

apped flux, but in a future run a m
ore 

accurate transform
ation of the fluxes due to the correct proportion of each cellʼs area 

will be conducted.

Evaluation of Sim
ulations

2. Heat and Volum
e Transport of Flow along W

estern G
reenland

1. Com
parison to O

bservations
M

ean Sea Surface Salinity

3. Surface Flow Evolution Differences

Figure (4)

Figure (5)

Depth (m)

Figure (6):Transect Locations on Bathym
etry M

ap

 Figure (6) This m
ap of the bathym

etry of the ocean basins around 
G

reenland contains three lines indicating the locations of vertical 
transects through which net volum

e and heat fluxes were calculated 
and shown in Figure (5) (left). The black arrows indicate the direction of 
positive net flow.

Difference in Average Velocity (G
-H case)

Figure (5) These plots depict the net volum
e and heat fluxes through 

each of the vertical sections indicated in Figure (6) for both the G
 case 

(with freshwater forcing, solid colored line) and the H
 case (without 

freshwater forcing, dashed black line). Below
 each of these plots is a 

difference between the two runs.

Figure (1) The evolution of the 
area-integrated runoff flux from

 the 
original CO

RE2 dataʼs Arctic region 
(red line) and the total flux fed into 
our m

odel sim
ulations after 

im
plem

entation of the rem
apping 

schem
e described above (blue 

line). The total flux entering into our 
m

odel sim
ulations are consistently 

higher than the original CO
RE2 

m
ass flux and produces an overall 

20%
 larger m

ass flux.  
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Figure (3) Annual average runoff flux forcing used 
in our G

-case run for the entire dom
ain and for 

G
reenland only.  

Figure (2) This m
ap shows the tim

e-averaged 
runoff flux (kg/m

2/s) prescribed to the ocean 
dom

ain in our G
-case m

odel run. 
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Figure (7) Here we show
 the difference in the m

ean velocities of 
the surface ~120 m

 water layer throughout the 50 year run 
(1958-2007) between the run with freshwater (G

 case) forcing and 
without (H

 case). There is a slight enhancem
ent of the flow

 along 
the boundary currents around G

reenland, especially along the 
East G

reenland Coastal Current com
pared the W

est G
reenland 

Current. The m
ost pronounced enhancem

ent of the flow
 in the G

-
case occurs as the boundary current rounds the northern-m

ost 
extent of Baffin Bay and flows south along the coast of Baffin 
Island.   

W
e present two RASM

 sim
ulations that focus on the role of freshwater runoff in the 

oceanography around G
reenland. The two sim

ulations are exactly the sam
e except that the 

first (G
case in Figure (4)) is forced by an evolving runoff flux, whereas the second sim

ulation 
(Hcase in Figure(4)) is given no runoff flux and does not undergo any surface salinity 
restoring. The sim

ulations began with identical initial states and were allowed to evolve for 
50 years (1958-2007). W

e determ
ined that the m

odel configuration with freshwater forcing 
was perform

ing technically as expected by noting that the m
ean surface salinity across the 

entire Arctic dom
ain of PO

P was slightly below
 the Hcase sim

ulation (without freshwater 
forcing). W

e also com
pared these results with sea surface salinities from

 the Polar Center 
Hydrographic Clim

atology 3.0
2 (PHC in Figure (4)) which are based on observations.    
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•
2 R

uns: Force coastal 
cells w

ith or w
ithout 

freshw
ater flux

•
Focus on sensitivity of 
W

est G
reenland 

Boundary C
urrent to 

freshw
ater forcing  



•
H

eat, volum
e flux along w

est coast of 
G

reenland follow
 the sam

e trend but vary 
in m

agnitude

•
Strength of currents and freshw

ater surface 
layer betw

een runs vary spatially and 
tem

porally

W
est G

reenland R
esults

N
ot clear, at the onset of analysis, w

hat role 
freshw

ater forcing plays. H
ow

ever, the ability of 
the m

odel to sim
ulate the correct 

oceanographic conditions due to realistic 
forcings w

ill affect future predictions. 


