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1. ABSTRACT 

We1 present initial results of a new approach 
to the climatological gridding of NZ region ocean 
temperature and salinity profiles. Input data 
incorporate both CTD casts and Argo profiles from 
the selected gridding domain, either independently 
or in combination. After preliminary processing, 
including various data quality control checks, 
gridding at each of 56 standard depths employs the 
Variational Inverse Method (VIM) as implemented in 
software by DIVA2. Results compare favourably with 
other gridding approaches and with other published 
ocean climatologies. Some of the expected 
advantages of the gridding method are clearly 
evident. Spatio-temporal sampling bias and sparsity 
that are major issues for gridding of the CTD casts 
alone are improved markedly by the inclusion of 
Argo3 profiles. 
2. INTRODUCTION 

The climatological gridding of ocean 
temperature and salinity profiles from the New 
Zealand region is an ongoing project at NIWA. A 
variety of gridding algorithms have been explored, 
including simple box averaging, weighted means on 
regular and irregular (data and bathymetry 
adaptive) grids, and the Objective Interpolation (OI) 
method of Gandin (19654) and Bretherton et al. 
(19765). With readily available computing resources 
(both hardware and software), box averaging and 
weighted means can be performed quickly and 
essentially on-demand, allowing for interactive 
visualisation and exploration of the gridded fields. 
Full OI, however, is computationally intensive (the 
number of computations increasing as the cube of 
the number of data points (N), for large N) and does 
not lend itself to interactive use with large datasets. 
Also, the standard algorithm fails to account 
adequately for bathymetric features and coastlines 
(Dunn and Ridway (20026)). Because the data-data 
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and data-field correlation functions are isotropic, OI 
tends to “bleed information” from one side to the 
other of a “thin” bathymetric barrier (thin compared 
to the correlation length or resolution of the 
gridding), even sometimes leading to isolines that 
disappear into one side of the barrier only to 
reappear on the other. By “bathymetric barrier” we 
may mean a coastline feature such as an island, a 
peninsula or isthmus, or the analogue of one of 
these features at a given depth. While irrelevant in 
open ocean basins, this property is significant near 
parts of the New Zealand coastline and elsewhere 
at depth in the New Zealand region.  

An alternative to OI is the Variational Inverse 
Method (VIM) of Brasseur et al. (19967). Rixen et al. 
(20008) demonstrate the general equivalence of the 
two methods, a key difference being the isotropy of 
OI (irrespective of bathymetric barriers) and the 
automatic detection of obstacles of VIM because it 
restricts itself to the real spatial domain. Another 
key difference is the computational efficiency, 
varying as ~O(N3) for OI and ~O(Na

2.5) for VIM, 
where Na is the number of grid points. For large 
datasets where N >> Na VIM produces essentially 
equivalent results in a fraction of the time. 

 
3. METHODS 

3.1. Input Data and Preliminary Processing 
Input data are all available high vertical 

resolution, high accuracy temperature and salinity 
profiles from the NZ region. Both CTD casts and 
Argo profiles are incorporated, either independently 
or in combination. CTD casts are sourced from the 
NIWA Ocean CTD Archive, the WOCE 
Hydrographic Program9, the NODC World Ocean 
Database10, and the CSIRO Archive of Australian 
Hydrographic Data11. Preliminary processing 
includes removal of replicated profiles, sub-
sampling at 56 standard depths from 0 to 5500 m, 
and data quality control checks. The latter include: 

(1) position-bathymetry consistency checks, 
(2) range checks, 
(3) vertical gradient checks, and 
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(4) box-wise statistical outlier checks. 
Whole profiles are rejected if they fail range or 

statistical checks at more than three standard 
depths. We implement the preliminary processing 
using a package of mainly in-house Matlab12 
routines, with some assistance from Ocean Data 
View (ODV)13.  

3.2. Gridding 
Although a variety of other algorithms and 

implementations have been trialed, the focus here 
is on gridded fields generated by the VIM algorithm 
as implemented by DIVA Version 4.2.114. Troupin et 
a. (200815), and references therein cited including 
Rixen et al. (20008), explain the general formulation 
of the algorithm, while the publicly available source 
code16 documents the exact details. 
4. RESULTS 

For the CTD casts alone, spatio-temporal 
sampling bias and sparsity remain major issues. 
Average data density is less than 4 casts per 
square degree (viewed over the spatial domain), 
less than 300 hundred per year (over the time 
domain) or less than 400 per month (over the 
seasonal domain). Along with low data density, 
there is considerable clustering of various types: 
space-variable clustering in time, time-variable 
clustering in season, and other permutations, 
depending on the viewpoint taken. Figure 1 shows 
the spatio-temporal distribution of CTD casts. With 
more than fifty floats in the gridding domain each 
returning a profile every ten days or more than 1800 
profiles per year, Argo is providing a major 
enhancement to the quantity of input data. 

 
Figure 2 and Figure 3 show the temperature 

and salinity VIM-gridded fields at 500 meters for 
CTD profiles and for Argo profiles. Note the radical 
improvement in data density and spatial uniformity 
in the regions sufficiently deep for Argo profiles. 
Note the “bull eyes” suggesting the need for 
improved data quality control of the Argo profiles. 
Figure 4 compares VIM and weighted-average 
gridded fields with similar length scales across a 
bathymentric barrier (the Chatham Rise). Note the 
much greater North-South contrast of the VIM-
gridded field. Figure 5 to Figure 7 compare VIM-
gridded fields with the WOCE Global Hydrographic 
Climatology1718 and the CARS 2000 
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Climatology1920. The gridded fields compare 
favourably. 
5. FUTURE DIRECTIONS 

Future work includes a suitable investment of 
time and effort to more fully understand and apply 
the capabilities of the VIM and related algorithms as 
implement by DIVA and as applied to NZ region 
temperature and salinity profiles. Though we can 
produce independent seasonal analyses by input-
data selection, methods for analysis of seasonal 
signals require development. Though not without 
challenges in terms of data validation, inclusion of 
Argo profiles will continue to greatly improve the 
gridded fields.  
6. CONCLUSIONS 

The VIM method as implemented by DIVA 
provides a fast, interactive objective gridding of NZ 
region temperature and salinity profiles. Results 
compare favourably with other gridding approaches 
and with other published ocean climatologies. Some 
of the expected advantages of the gridding method 
are clearly evident. The spatio-temporal sampling 
bias and sparsity that are major issues for gridding 
of the CTD casts alone are improved markedly by 
the inclusion of Argo profiles. 
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Figure 1 Spatio-temporal distribution of CTD casts 



 

 

Figure 2 VIM-gridded temperature and salinity mean fields at 500m (CTD only) 

 

Figure 3 VIM-gridded temperature and salinity mean fields at 500m (Argo only) 



 

Figure 4 VIM gridding (right) compared with weighted average gridding (left) near a bathymetric 
boundary (Chatham Rise) of width comparable to the gridding resolution 



 

 

Figure 5 WOCE Global Hydrographic Climatology 

 

Figure 6 VIM-gridding (CTD only) 

 

Figure 7 CARS 2000 Climatology 

 



 
 
 


