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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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INTERACTIVE CALCULATOR FOR USE WITH
MULTI-DIMENSIONAL NETCDF FILES

Donald W, Denbo

Pacific Northwest Laboratory
Sequim, Washington

1. INTRODUCTION

The interactive exploration of munerical results and
observatdons has become increasingly difficult as the
size of these data sets becomes larger, Tha sciendst
needs to be able to easily extract subsets of very large
data sets and use these subsets in algebraic expressions
to test hypothasas about the relationships betweea vari-
sbles. The netCDF calculator (nccale) satisfies many of
these needs by providing several built-In functions and 4
framewark that helps tha scientist manipulats four-
dimensional data sets writtan using the netCDF (Rew
and Davis, 1990) data format,

2. THE CALCULATOR

nccale is a simple programmable interpreter for
floating point, string, and field expressions, It has C-
styls control flow, function definition, and the usual
built-in numerical functions. nccale is written in C and
uses lex, a lexical analyzer, and yace, & parser genérator,
This allows a systematic and consistent syntax to be
implemented easily, The eps Library (Deabo and Zhu,
1993), developed at the Pacific Marine Environmental
Laboratory of the National Oceanic and Atmospheric
Admninistration (NOAA/PMEL), has been used to pro-
vide a simplified and consistent interface to netCOF.

nccale has five different data types: scalar (double
precision floating point), string, slab (a specification of a
four-dimeungional hyper-slab), dbase (a pointer to a
netCDF file and its associated attributes), and flalds (a
sub-sample of a four-dimensional data set). The syntax
for each of the types is similar; however, not all opera-
tions are valid for all data types. The following discus-
sion of operatars and built-in functions will be restricted
to the field variable type.

The standard “calculatos” operators (division, mul-
tiplication, addition, subtraction and exponentistion) are
available for fields and are computed pointwise. accale
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will automatically regrid felds that are a0t on identical
grids for any dimension and have a length greater than
one. Far example, two subsets from three-dimensional
fields (x.y.z) that have 15 x values, 10 y values and 1 z
value, can have different z values, twt if the x and y
Wded. are not identical, the fields will be regrid-

In addition (o the 5 basic operators, nccale has over
30 built-in functions that operate on fields. These func-
tions include transcendental functions (exp, log, logl0,
and sqrt), the multi-dimensional Fourier transform,
finite difference functions, and statstical functions (ave,
sum, min, max). Several of these functions allow the
user to select for which dimensions the function will be
applied. For example, if fld is & three-dimensional field
(x,y,2), thea min(Ad,[x=*y=*]) will r¢turn 3 one-dimen.
giopal field that contains the minimum value of fid at
each z value,

nccalc can have multiple netCDF flles open for
both reading and writing, Global and varisble attributes
can be modified within necale. The user can eagily use
fields from two separate input files and write the results
to & third ourput file,

nccale can be called from within other programs.
The connection is currently only one way, with necalc
transforring one- and two-dimensional fields and two
component vectors o the calling program, The graphics
program FPLUS (Denbo, 1993) has been comnected to
neeale to provide interactive graphics to be made of the
necale computations,

3. EXAMPLES

Three examples are presented below demonstrating
the use and power of nccalc, Thess examples are from
the analyses of aumerical experiments in deep oceanic
convection, In each example the necalc commands are
presented with explanations followed by a graphic pro-
duced by PPLUS.

3.1  Example 1. Verical Temperature Flux

The vertical tempezature flux is 4 quantitative mea-
sure of the advection of temperature in the vertical



direction. The vertical derivative of this quantity deter-
mines whether temperature s increasing ar decreasing
locally. Vertical temperature flux is computed by multi-
plying the horizontally demeansd vertical velocity by
the horizontally demeaned temperature. In this example,
the vertical temperature flux is computed for the entire
model domain at model day 1.5 and then horizoatally
averaged to create bulk temperature flux values at each
depth (Figure 1), A nccalc script to compute this fol-
lows:

(1) openr “c65-3.2.cdf”

(2  slb=[x="y="z=*t=135]

(3) wp=prime(w[slb],[x=*y=*])
(4)  tp=prime(tlslbl,x=*,y=*D
()  ave(wp'tp,(x="y="1)"1et

(1) The netCDF model output file ¢65-3.2.cdf is
opened for reading. (2) A slab sib is created for all x, y,
and z values at time 1.5, (3) The prime function is called
far all vertical velocities defined by slb (prime subtracts
the mean calculated over all x and y's from each point)
and the result is assigned to wp. (4) The prime fimction
is called for all potential temperatures defined by s/b and
the result is assigned to 1p. (5) The average of the prod-
uct wp x fp is computed over all x and y's and then mul-
tiplied by 1000, The averaging process reduces the
number af dimensions in the result by the mumber of
dimensions that the average is computed over, thus the

result is & function of depth only,
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Figure 1, Harizontal average of vertical tem-
perature flux (w't") at mode] day 1.5,

3.2  Example 2; Vertical Temperature Flux

The second example is similar to the first, but the
horizontal range has been reduced and all times are
computed, The changes in the vertical temperature flux
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over time provide the scientist with important informa-
tioa related to the onset of deep oceanic convection and
its temporal structure (Figure 2), The nccale acript to
computs vertical temperature flux as s function of depth
and time follows:

(1)  openr “c65-32.cdf”

(2  sl=[x=1000:2000,y=0:1000,2=0:2000,t=+*]
()  wp=prime(wlsl],[x=*y=*])

(4)  tp=prime(tisl],[x="y=*])

(5)  ave(wp*tp,[x=*y="])"led

(1) The netCDF model output file c65-3.2.cdf is
opened for reading. (2) A slab s/ is created for x from
1000 to 2000 meters, y from 0 t0 1000 meters, z from 0
to 2000 meters, and all available values of time. (3) The
prime function is called for all vertical velocities defined
by 51 (prime subtracts the mean calculated over all x and
y's, but not over time, from each point) and the result is
assigned 1o wp. (4) The prime function is called for all
potential temperatures defined by s/ and the result is
assigned to 1p. (5) The average of the product wp X #p is
computed over all x and y’s and then multiplisd by
1000. In this example, the averaging reduces the dimen.-
siong, leaving the result as & function of depth and time.

1000 -1

depth (m)

2000

Figure 2. Horizontal average of vertical tem-
pevatur flux x10* (m 5! °C),

3.3  Example 3. Fourier Transform

The harizoutal scales of the potential temperature
sucture can be determined by camputing the horizontal
wavenumber spectra. In this exampie, the vertical distri-
bution of temperature variance is found by camputing
the spectra at each depth and then ensemble averaging
the harizantal spectra in the y dimension to improve the
accuracy of the spectral estimates. The common loga-
rithum of the spectrum ig then computed far display pur-



-

posas (Figure 3). The nccale script for thess calcnlations
follows:

(1)  openr “c65-32.cdf”
@  sixyz=[xw*,y=*2x",t=15]

)  tfftmave(fft(tfslxyz] [x="]) [y=*])
@  loglO(tffe+le-10)

(1) The netCDF model outpnt file c45-3.2.cdf is
opened for reading. (2) A slab sixyz is created for all x,
¥, and 2 values at time 1.5, (3) A one-dimepsional Fou-
rier ransform it computed in the x direction for all
potential temperature definad by sltyz. The transform is
then averaged in the y direction (ensemble averaging)
and the result stored in the fleld variable ¢ ff7. NOTE: a
two-dimensional sransfarm Is computed by specifying a
second direction in the second argument of the ffY).
(4) The common logarithm is computed for ¢_ff? with a
canstant offset of 16-10. This offset is required to guar-
antee that no value is identically equal to zero,
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Figure 3. Iog;q of the horizontal Fourier trans-
form of potential temperature,

4. FUTURE DIRECTIONS

nccale has been in use for almost two years. During
this time, nccale has evolved to meet users’ needs. The
following features are planned for implementation in the
near future,

Vectors: Many calculations can be made more inta-
itlve by using vectors and vector functions, The func-
tions to be implemented include divergenca, curl,
gradient, cross and dot products.

Grid generation: By creating empty fields the usger
will be able to break large computations into smaller
pieces and assign the results to a subset of an empty
field,

Programming interface: A mare flexible and fea-
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ture-lsden application programming imterface is
plannad. The new interface will allow ths calling pro-
gram to store and retrieve ficlds directly,

Keyboard YO: The abuve API will also ensble
nccale to have better keyboard 1O, The new 1/O rou-
tines will enable a ecript to prampt for and read user

input,
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