
P-Vector Method for Determining 
Arctic Ocean Circulation from the 

Joint US-Russian Hydrographic Data

Peter C Chu and C.W. Fan
Naval Ocean Analysis & Prediction Laboratory
Naval Postgraduate School, Monterey California

Email: pcchu@nps.edu
Website: www.oc.nps.navy.mil/~chu



References
• Chu, P.C., C.W. Fan, C.J. Lozano, and J. Kerling, "An airborne 

expandable bathythermograph (AXBT) survey of the South China Sea, 
May 1995," Journal of Geophysical Research, 103,  21637-21652, 
1998.

• Chu, P.C., and R.F. Li, 2000: South China Sea isopycnal surface 
circulations. Journal of Physical Oceanography, 30, 2419-2438. 

• Chu, P.C., J. Lan, C.W. Fan, 2001: Japan/East Sea (JES) circulation 
and thermohaline structure, Part 1 Climatology. Journal of Physical 
Oceanography, 31, 244-271.

• Chu, P.C., J. Lan, C.W. Fan, 2001: Japan/East Sea (JES) circulation 
and thermohaline structure, Part 2 A variational P-vector method. 
Journal of Physical Oceanography,  31, 2886-2902.

• Chu, P.C., R.F. Li, and X.B. You, 2002: North Pacific subtropical 
countercurrent on isypycnal surface in summer. Geophysical Research 
Letters, 29, 10.1029/2002GLO1483.



Motivation

• Improving the weakness of diagnostic 
initialization 

• Numerical model is usually integrated from
(T, S) field   (climatology or …) 
u = v = w = 0 

Diagnostic Initialization   



Basic Equations for OGCM



Diagnostic Initialization

• Keep (T, S) constant

• Generate (u, v, w) 
fields 



Extremely Strong Thermohaline 
Source/Sink Terms (Non-Physical)

Chu, P.C., and J. Lan, 2003: Extremely strong thermohaline source/sinks 
generated by diagnostic initialization. Geophysical Research Letters, 
30 (6), doi: 10.1029/2002GL016525 





Geostrophic Initialization
• Absolute geostrophic velocity computed 

from hydrographic data 

(T, S) Density

Velocity



First Thought - Thermal Wind 
Relation

How to determine (u0, v0) ?



Conservation of Mass and 
Potential Vorticity



Relationship Among Three 
Vectors



P-Vector



Two-Step Inverse Method

(1) Density  determines the P-vector. 

(2)  Thermal wind relation determines γ.



P-Vector 
Intersection of density and potential 

vorticity surfaces



Thermal Wind Relation 
Determines γ



Solution of  γ



US-Russian Arctic Hydrographic 
Data

http://nsidc.org/



Temperature (z = 0)



Temperature ( z = -1000 m)



Salinity   (z = 0) 



Salinity (z = -1000 m)



Mean Circulations (z = -32 m)

P-vector
7 years mean of POPS model 
results (Zhang, Maslowski, 
Semtner, 1999, JGR)



Mean Circulations (z = -32 m)
P-vector

7 years mean of POPS model 
results (Zhang, Maslowski, 
Semtner, 1999, JGR)



Conclusions

• (1) P-Vector method is effective to calculate 
the absolute velocity from hydrographic 
data.

• (2) The initial velocity filed can be 
calculated using the P-vector method 
(Geostrophic Initialization).


