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Viz Utilization in “METOC” Behind the Curve
Why It is Catching Up

Case Studies

— Regional Arctic Simulation Model (RASM)
— MIT Global Circulation Model (MITgecm)
— Navy Coastal Ocean Model (NCOM)

What’s Still Needed
The Future
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* The Hydrostatic Assumption

— removes “w”
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 File Formats




L

»
~\\J.,‘

..‘;

“"\.' L
N

¥

. 5 A
\ . ).
- b Y g prad t QS
\ o S . ' Y e § s s . il
: 5 L R ‘ \3“ “; a v M ‘\ 0 “
{ ] TN p Iy e 5 N » ‘ ; x i ;:' v i :
IZ ' Va N c 'n g\\ Qr‘." X ,' ‘
\ : On W Do Y . . - ::‘\
» . A 5 L.
. \ .

R RS W
0

\

. Nonlf:]ydrostatic Modeling
/—A

Hydrostatic \ L
vs. Nonhydrostatic

Is All about Aspect Ratio | \/ \/ \/

» Vertical Structures
— e.g., internal waves, cells
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» Better File and Grid Support E
— NetCDF (and ALL its flavors)
— Coordinate oddities, layers
— Rectilinear Grids (faster)
— Curvilinear Grids

* Python Scripting!
— To fill in the support gaps




* Uses POP as ocean component
» Arctic region =2 polar grid, in lon/lat coords




8 ParaView: -
» Spherical
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(in the reader)

— horizontal flow
particle issues

» Orthographic =
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(WGS-84 with s
Vincenty (mm i
accurate) and

Haversine (fast)

algorithms

| Vislt:

| « Projections:
flat only?




Length units of velocity vectors: 1.0-meters, 0.3948=feet

Vel par Linesten: 36000 e Tor ne. 8640001 day Ter m/s
inates
# Keep the original coordinates in a separate array?
e ihaversine’ or 'vincenty! for globsl dist method
# Keep transform results for signifint speed-up with time steps

from paraview.vtk.dataset_adapter import numpyTovtkDataArray
fron mumpy inporc”pi, sin, Cos, tan, arcsin,arctan, arctan2, mod, sart, hstack, vstack, tite
inp =

“extlnl+1 for n in 0,2,4]
ni=n
p1/180.0
Points = vik.vtkPoints()
def xforn(lon, iat # Orthographic t

r an(p)/«—(\a!xdegzraﬂ 0.5)) Comvert <o radians, chen do conmon proj tern
b #hegate”tongitude & convers o' rad

self. SatProqressTexN Orthographic transfor
X0,y = inp.Points (inj, 01, ing. Seintsliniinl  # onty operate on the first tayer
oy’ xrornixe,

Tr Boiniel: 2] « sscate # Eucept 2, which will do every layer

K # In case we need to clone single layer data

2
vstack((z,zzscale)) # Clone single layer into 2 layers, 2nd layer decper by zscate
k([tile(x, (nk2,1)), tile(y,(nk2,1)), 2]) # Assume all other layers equal
Revpoints - Setbata(numpyovikbatahrray (cobras))

# Rewrite of WGS84 Matlab vdist by M. Kleder (but computationally efficient variant)
def yaist(lond, lat1,U1, Lon2, 1at2,U2); | # WGS-84 w/Vincenty's algorithm; millimeters of accuracy
ctinitions
m WGS84 earth flattening coefficient definition
)a

nda

sinsigns = sart((cos W2hwsin(inda) eszs(cos (U1
1n(U1)%c0s (U2) xcos (Lnda) ) +2)

cossigna = sin(Udjesin(U3) scos (03 wcon (05) weos( inta)

signa = ar

sinsig:

55 signa)
:ns(ui)x:nsluZ)-s)n(lmﬂa)/s)ns)gma
cossalpha ez

cos2signan 1n(U1)*s1n(U2)/cosS0alpha
6*fnssﬂa\nhsx( 4 ra(i-5xcossaatpna))

”m

pi
print ‘A\Jrn)ru points antipodal; pr
indz

sion slightly reduced

eak
w2 :ossoa\pn * 0.0067304967422762389 _ # c05SQalphak(axk2-bes2) /bwx2)
A 2/16384% (4096 +u2%(-768+u2%(320-175%u2)) )

B = u2/1024x(256+u2%(~1264u2%(74-47%u2)))
deltasiona = )

m

brAs(signa-deltasigna) ;
return s

def haist(lond, latl,lon2, lat2): # Haversine method w/WGSSs mean radius; 3% error
dLat

N olon
e iy sin(oLon/2)we x cos(latt) « cos(lai2)
n (2= arctana(sart(a), sart(i-a))) » 6372757, 560855
def vaiff2(x,y,method= haversine 30 Yorwara aris aitrerence wsae
numpyenpty (s, snipe. x.dtype); Gy = numpy.empty(y.shape, y.dtype)

¥ Correct for arfors at exact poles by aojusting 0.6 millineters
poles = nunpy.nonzero(abs (pi/2-abs(y)) < le-10)
By

# Instial array calculations
f=o # =(a-b)/a

e sumqnssum iff2 g
For e i nuny  ndenumeratelx (i1, 1)
A I AR T XU+ YUl UG
$eLe Undateprogresaty/Fioatl. napeel“2)

sm Setprogresstext("vairr2 o
or {110, ¢"in numpy. ndengmeratelsls,i-11):
axty, i) = vaistixl,il, yl3,il, 00,11, Ay, aal, v
zeltUpateprogress /FLoacl. inape{01°1))
axl:, 2]

Taturn dx, ay
eif method = "noversine
elf.SetProgressText ("1 )
Fer T, v in nospy.ndenmeratetxl
dyiy,i] = hdist(x(3,i], y(j,i], xun,n, yl3+1,11)
e Unda(e?rm];rassl]/’\oaﬂx shapelof-2})
a

% y
setr:betprogressiext "haitr2 ay')
for (3,4);v"in nunpy. ndenunerate n
G e e ki s
self. Vnda({e?rn?'ess(]/’\oaﬂx shapefe]-1))
o = a
tnm K
else: print 'Invalid metho:
det amuxw '3 Torward grid sirterence
numpy. array(nump i
vstack( [ox, dx[-
mpy.array(num T
2 RStelil iy numpy. transposel lay{
return ax, dy
In dir(set)) end cochec:
self.dxxCache elf. dxyCache
ST ixCecne: oy T selr.avycache

.90y = VST12(x0. reshape((nj,ni)), yo. reshape((ny,ni)), method)
etProgressText
Yeknase(in} n0)))

Teshape(niy. )
1) * lenunits = timeunits / ody.reshape(nij,1)

self.dxyCache = dxy
self.dyyCache = d
orm”)
mn Pointoata (unanel
u.dty, vv = nunpy.empty(v.shape, v.dtype)
Repest per Layer
(k) ani.
UIko:k1]xdxx + v[kD:k1]xdxy
= ufKcktlay » vIkDKLlayy
wivsvalidvell = 0.0

vstack( (uu, uu) # For single layer data, copy into 2 layers
vstack((wiv))i

ver 2 nscack (uu, vy, reros (uu. shage,uu-dtype)])

self.SetProgressText("Finishing")

#output. ShallowCopy(inp.VTKObject)
n
output.SetExtent(ext(0], extli], extl2], ext(3], extl4], extls]+1)

output.Setextent (ext (0], extiil, extlzl, extl3), ext(sl, ext(s])
if keeporig: output.Pointbata (1np.Points, "0rigCoords”) # won't work with layer cloning
outpus Pointoata;sppendlvel, /o )

output.SetPoints (newpoints)

+* RequestInfornation sc
fron paraview.uti Snpor Setoutputinoteextent

ext = inputs[0].GetExtent ()

SetoutputiholeExtent(self, [ext(o], ext(1], ext(2], ext(3], ext(4], ext(s]+i])

» Configuration (var names, vel units, time units, method)

» Conv to radians
* Single layer data gets cloned (for particles)
WGS-84 grid transform (if method

— Vincenty’s algorithm (mm’s of error)

— Haversine algorithm (<0.3% error)

» Compute flow vector transform given grid transform
— Vincenty

— Haversine

2d forward grid difference
Cache flow transform for future time steps
Apply flow transform to every layer

Set VTK/PV pipeline info
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* Nonhydrostatic model

* Internal waves can be highly nonhydrostatic in
nature

— Always have a 3D structure

— Nonhydrostatic cases, 3D structure more
pronounced

— How to find them?




 VVHE calculations to isolate features

* |Independent Python script
— Load S,T,U,V,W
— WKB Scaling (bvfreq)
—Um=(U>eps)?U:eps
—vhe = W22 / Um”2 * wkbA2
— Volume rendering
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* 2D particle traces were finding clumps of

particles at certain time steps

e Vertical current cells? 3D!




SCOPE Drifters over SST and Currents
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scope_nest] _1_2013121600_00010000.nc
Time; 122353

sh7018 9 75?(9_ whter_temp

30.40

30.30

lat (degrees north)

30.20

30.10

T I T T T T T T T T T l T T T T T T T T T I T T T T T T T T T I T T T T T T T T T I T T T T T T T T T I T
273.20 273.30 273.40 273.50 273.60 273.70
lon (degrees_east)



DB: ncom_scope_nest1_1_2013121600_00000000.nc
Cycle: 0 Time: 122352

Pseudocolor
Var: operators/LCS/water_uv

0.5030
.: 03772

| A NS _9_& o e = T N
lon (degrees_east)
o 273.40 273.30 273.20 e Mar 26 19938 2014



DB: ncom_scope_nest1_1_2013121600_00000000.nc
Cycle: 0 Time: 122352

Volume
Var: operators/LCS/water_uv

.— 0.5006

user: sean
Thu Mar 27 19:51:36 2014
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 More rectilinear grid support
— E.g., Gradient Filter in ParaView
 Some consideration of units (grid, time, etc.)

— Grid: horizontal units (degrees), vertical (m)
* Vislt: LCS regularly sampled seeds
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» Separation of computational & display grids

— Or a singular transform filter that handles many
inputs
— Grid & display coords fundamentally different,
consider doing operations in grid coords then
doing transform
* Vislt handles this well when applying Operators to all
Plots
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» Jackie Kinney (Naval Postgraduate School)
* Jose Renteria (PETTT On-site @ NPS)

» Pat Gallacher (Naval Research Labs)

» Gregg Jacobs (Naval Research Labs)
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