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LONG-TERM GOALS 
 
Development of a global high resolution coupled atmosphere/ocean/ice model that assimilates data 
providing initial conditions from which forecasts are performed. Additionally, very high-resolution 
regional air/ocean coupled models will be nested into the global system at key strategic locations. 
 
OBJECTIVES 
 
To start the spin up of the global high-resolution ocean com ponent of this system  and evaluate its 
realism  using observations as it progressed.  
 
A PPR O A C H  
 
The Parallel O cean Program  (PO P) m odel w as configured on a global displaced N orth Pole grid 
w hereby the N orth Pole is rotated into H udson B ay, avoiding the issue of the polar singularity . 
The grid has an average spacing of about 11 km  at the equator decreasing to  about 3  km  in the A rctic 

O cean. A t m id-latitudes this spacing is 5-7 km  corresponding to about 1/15°. It has 40 vertical levels. 
The PO P code is designed to run on m ulti-processor m achines; here w e are using 500 processors on 
the IB M  SP3 at the N avy O ceanographic O ffice to  spin-up the ocean m odel for tw o decades.  
 
W e created a blended bathym etry from  Sandw ell and Sm ith (1997) and International B athym etric 
C hart of the A rctic O cean (IB C A O ) products. ETO P05, w ith m ajor m odifications from  a variety of 
data sources w as used in the Southern O cean. A ll im portant channels and sills w ere checked and 
m odified to encourage correct flow . To produce an energetically  realistic ocean state, synoptic forcing 
w as used w henever possible during the global spin-up. W e used a product provided by Y eager 
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(N C A R ) that w as largely constructed from  the 1958-1997 N ational C enter for Environm ental 
Prediction (N C EP) fluxes. Som e of the quantities required for the heat and freshw ater flux calculations 
w ere obtained from  clim atologies or observations for shorter periods, hence their availability  has 
dictated the starting tim e of the m odel run w hich w as January 1, 1979. B ackground restoring of sea 
surface tem perature and sea surface salinity  to  `under ice’ values w ith a restoring tim e scale of 1  m onth 
and a tim escale of half a year elsew here is active. The Large et al. (1994), K -Profile-Param eterization,  
m ixed layer form ulation w as turned on after the first year of the spin-up. 
 

 

F igure 1: A verage grid spacing of the global PO P sim ulation. V alues range from  
 about 11 km  at the equator to  3 km  in  the A rctic. 

 
 
D uring the spin up a num ber of judicious choices w ere m ade w ith regard to  the archived output. D aily 
tw o-dim ensional (2-D ) snapshots of sea surface height, salinity , tem perature, and velocities from  the 
upper tw o levels, m ixed layer depth, boundary layer depth, salinity  at 1000 m  (depth of M editerranean 
outflow ), and surface heat and freshw ater fluxes are saved. Ten-day snapshots of the full solution of 
velocity , tem perature and salinity  and sea surface height are also archived. A fter five to  ten years of the 
spin up, averages w ill be saved on a m ore frequent basis to  exam ine the ability  of the m odel to  produce 
high-frequency (days to m onths) processes and shorter scale (10 –1000 km ) features im portant to  N avy 
prediction. 
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This solution is exam ined in term s of its ability  to reproduce the observed ocean circulation, in  
particular, the surface circulation. A  num ber of quantities to  m onitor m odel behavior are part of the 
PO P code: transports through key passages, globally averaged salinity , tem perature, and kinetic 
energy. The daily 2-D  fields are exam ined in term s of the evolving m ean flow  and energy levels of the 
surface circulation, along w ith eddy characteristics, frontal developm ent, and m ixed layer structure. 
The com position of the M editerranean outflow  is m onitored from  the salinity  at 1000 m . 
 
W O R K  C O M PL E T E D  
 
The first five years of the spin-up are com plete. This is one of the largest ocean sim ulations to  be 
attem pted to date and it requires an extrem ely large allocation of com puter resources. W e have a 
D epartm ent of D efense H igh Perform ance C om puting M odernization O ffice (H PC M O ) G rand 
C hallenge G rant and these resources w ere alm ost entirely used perform ing the five years of the spin-
up. Several separate basin-only param eter studies w ere conducted to  better understand the behavior of 
the global ocean m odel in  areas w here the global sim ulation w as identified as unrealistic. A ppropriate 
changes to  the run param eters can then be m ade for the global run. 
 

 
 

F igure 2: Snapshot of Sea Surface Tem perature (deg C ) for the global PO P sim ulation on January 
1, 1983. N ote the highly resolved details of the frontal structures . 
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Statistical analyses from  an earlier 0 .1°, 40-level N orth A tlantic PO P m odel and the N orth A tlantic 
surface drifting buoy data set w as subm itted for publication. O ther statistical analyses of the N orth 
A tlantic m odel continue, particularly evaluations of the m ixed layer form ulation. 
 
R E SU L T S 
 
Snapshots of m odel surface tem perature and surface velocity  from  1 January, 1983 of the spin-up are 
seen in  F igure 2 and 3, respectively. In  F igure 2, the richness and realism  of the frontal structures in  
both the w estern boundary currents and the equatorial regions are apparent. A  large m eander of the 
K uroshio C urrent to  the south of Japan is observed. M ovie loops indicate that the m odel reproduces the 
three different observed paths w here the K uroshio hugs the coast, form s a slight m eander, or a large 
m eander (Tom czak  and G odfrey, 1994). The A gulhas C urrent (south of A frica) and the East 
A ustralian C urrent display a realistic retroflection and separation from  the coast, respectively. The 
G ulf S tream  is seen to flow  too far north before separating from  the N orth A m erican coast. A  N orth 
A tlantic sector PO P m odel, taken  from  the global grid in  this region, is being run using different 
choices of run param eters and initial conditions to  try and understand this behavior. 

 

F igure 3: Snapshot of speed and direction of surface currents in  the global PO P run on January 1, 
1983. C olors and hues provide the m agnitude and direction of the flow s. 
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In F igure 3, w e see both the speed and direction of the surface flow . Particularly striking are the 
A gulhas C urrent eddies that are shed south of A frica and then m ove to the northeast across the South 
A tlantic O cean. Their sense of rotation can be determ ined from  the alternating red and green shading. 
Prelim inary com parisons of sea surface height variability  from  TO PEX /PO SEID O N  and the m odel 
show  the spin-up to be realistically  sim ulating the m agnitude and location of the observed variability . 
T ransports through key passages, particularly the Indonesian Through Flow  passages, are very 
realistic. O ther results from  the m odel spin-up including m ovie loops can be seen at 
http://w w w .oc.nps.navy.m il/navypop.  
 
IM PA C T /A PPL IC A T IO N S 
 
This spin-up w ill be provided to F leet N um erical M eteorology and O ceanography C enter (FN M O C ) 
for future operational use and to the w ider com m unity for ocean and short-term  clim ate studies.  
 
T R A N SIT IO N S  
 
The 0.1-degree, 40-level PO P spin up w ill be provided to FN M O C  and N R L (M onterey) for testing 
tow ards the operational use of PO P. F ields from  this run w ill be provided to Preller (N R L-Stennis) for 
nesting w ith the regional N avy C oastal O cean M odel (N C O M ) m odel of the East A sian Seas.  
 
R E L A T E D  PR O JE C T S 
 
M athew  M altrud (LA N L) has a com panion grant at his institution for this global PO P project. N R L 
(M onterey) is w orking on coupled N O G A PS and PO P sim ulations. N R L M onterey is developing a 
global m ultivariate O ptim al Interpolation (M V O I) that w ill cycle w ith the global PO P.  
 
R E FE R N C E S 
 
Large, W .G ., J.C . W illiam s, and S .C . D oney: O ceanic vertical m ixing: A  review  and m odel w ith a 
nonlocal boundary layer param eterization. Review s of G eophysics , 32(4), 363-403, 1994. 
 
Sandw ell, D . T ., and W .H .F. Sm ith: M arine gravity from  G eosat and ER S-1 satellite altim etry, Journal 

of G eophysical Research , 102 , 10039-10050, 1997. 
 
Tom czak, M ., and J. S . G odfrey: R egional O ceanography: A n Introduction, Pergam on Press, pp 442, 
1994. 
 
PU B L IC A T IO N S 
 
M aslow ksi, W ., J. M cC lean, and M . M altrud, M odeling for C lim ate C hange . C hallenges in  Science 
and Engineering,  A rctic R egion Supercom puting C enter, 8 , 2, 4-5, Fall 2000.  
 
M cC lean, J. L ., W . M aslow ksi, and M . M altrud, 2001: Tow ards a C oupled Environm ental Prediction 
System , Proceedings, Part 1 , International C onference on C om putational Science 2001, 
(Eds:A lexandrov, D ongarra, Juliano, R enner, and Tan), Springer-V erlag, pp. 1098-1107. 
 
M cC lean, J. L ., P .-M . Poulain, J. W . Pelton, and M . M altrud, Eulerian and Lagrangian statistics from  
surface drifters and tw o PO P m odels in  the  N orth A tlantic . Journal of Physical O ceanography . In  
review . 

 5 


