Using ERDDAP to monitor and analyze DA systems performance
«~» ERDDAP

Easier access to scientific data

ERDDAP > tabledap > Make A Graph o

Dataset Title: Observations and model output from DOPPIO REALTIME 4DVAR System. B3

Institution: ~ Rutgers University (Dataset ID: DOPPIO_REALTIME_MOD)

Range: longitude = -79.62816 to -59.690285°E, latitude = 32.23944 to 46.61133°N, depth = -3250.0 to 0.0, time = 2018-04-03T00:00:00Z to 2019-07-26T23:45:00Z
Information: Summary @ | License @ | EGDC | ISO 19115 | Metadata | Background & | Subset | Data Access Form
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Easier access to scientific data

ERDDAP > tabledap > Make A Graph o

Dataset Title: Observations and model output from DOPPIO REALTIME 4DVAR System. B3

Institution: ~ Rutgers University (Dataset ID: DOPPIO_REALTIME_MOD)
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Easier access to scientific data

ERDDAP > tabledap > Make A Graph o
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Easier access to scientific data

ERDDAP > tabledap > Make A Graph o

Dataset Title: Observations and model output from DOPPIO REALTIME 4DVAR System. B3
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Easier access to scientific data

ERDDAP > tabledap > Make A Graph o

Dataset Title: Observations and model output from DOPPIO REALTIME 4DVAR System. B3

Institution: ~ Rutgers University (Dataset ID: DOPPIO_REALTIME_MOD)
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Easier access to scientific data

ERDDAP > tabledap > Make A Graph o

Dataset Title: Observations and model output from DOPPIO REALTIME 4DVAR System. B3

Institution: ~ Rutgers University (Dataset ID: DOPPIO_REALTIME_MOD)

Range: longitude = -79.62816 to -59.690285°E, latitude = 32.23944 to 46.61133°N, depth = -3250.0 to 0.0, time = 2018-04-03T00:00:00Z to 2019-07-26T23:45:00Z
Information: Summary @ | License @ | EGDC | ISO 19115 | Metadata | Background & | Subset | Data Access Form
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ERDDAP

Easier access to scientific data

w

ERDDAP > tabledap > Make A Graph o

Dataset Title: Observations and model output from DOPPIO REALTIME 4DVAR System. 53

Institution:  Rutgers University (Dataset ID: DOPPIO_REALTIME_MOD)
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ERDDAP

Easier access to scientific data

ERDDAP > tabledap > Make A Graph o

Dataset Title: Observations and model output from DOPPIO REALTIME 4DVAR System. B3
Rutgers University (Dataset ID: DOPPIO_REALTIME_MOD)
longitude = -79.62816 to -59.690285°E, latitude = 32.23944 to 46.61133°N, depth = -3250.0 to 0.0, time = 2018-04-03T00:00:00Z to 2019-07-26T23:45:00Z
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Using ERDDAP to monitor and analyze DA systems performance
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. . http://tds.marine.rutgers.edu/erddap/tableda
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Using ERDDAP to monitor and analyze DA systems performance

We post-process the obs, Using ERDDAP we can easily download subsets of the data
fwd and mod files to from different observing platforms and contrast prior and
assemble the: posterior data-model misfit.
. . 16 x10% | Iinnovatfons: obsTervations minuslprior (balckgrounld) | |
° Innovation ' S AVHRR
* increment 14 ' ——awon |-
* residual o |
e observation error
* background error or _ |
e obs. impact (from first sl | |
outer loop)
which are all in the o ' :
observation space and Al |
with the same datum

dimension 5 6 4 2 0o 2 4 s & 10



Using ERDDAP to monitor and analyze DA system performance

We post-process the obs,
fwd and mod files to
assemble the:

We’ve done this for the WC13 test case:

http://tds.marine.rutgers.edu/erddap
/tabledap/wc13 mod i4dvar.graph

* innovation
* increment

* residual
* observation error http://tds.marine.rutgers.edu/erddap
* background error /tabledap/wcl3 mod psas.graph
* oObs. impact (from first (Only PSAS has observation impacts.)
outer loop)

which are all in the

observation space and Original WC13 outputs are here:
with the same datum http://tds.marine.rutgers.edu/thredds/catalog/projects/wilkin/

] ) wcl3/catalog.html
dimension
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Statistics of prior and posterior errors inform us about the validity of the
assumed observation and background error hypotheses

FEBRUARY 2018 MATTERN ET AL. 485

Improving Variational Data Assimilation through Background and
Observation Error Adjustments
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Objective adjustment of 4D-Var observation and background error assumptions

Mattern, J. Paul, C. A. Edwards, and A. M. Moore, 2018, "Improving variational data assimilation through background and observation error adjustments." Monthly Weather Review
146.2: 485-501.

Desroziers, G, L. Berre, B. Chapnik, and P. Poli, 2005: Diagnosis of observation, background and analysis-error statistics in observation space. Quart. J. Roy. Meteor. Soc., 131, 3385—

residual - d;=y—-H(x), (2)
innovation ->  d) =y - H(x,), (3)
increment -> dj = H(x,) —H(x,) (4)

For a linearized observation operator, Desroziers et al.
(2005) show that the following relationships should
approximately hold for correctly specified variational
DA systems:

E(d?dS") ~ HBH', (5)
E(d;d;") ~R, (6)

In practice, it 1s simpler to evaluate the following
(weaker) relationships that are only based on the di-
agonal elements of the matrices in Egs. (5) and (6) and
are easy to compute in DA applications:

) = Yardo ~ >(HBH") =7, .
\/IOI, o \/IOI, ’

1)_ Zdodo ~
% |0|,

_—(l)
|0 ZR= O

3396, https://doi.org/10.1256/q;.05.108.

Building on ideas of Desroziers and others, Mattern et
al. (2018) construct a Fixed Point Iteration to adjust
background and observation errors to improve the
consistency of the DA system error statistics.

—{i) — &) . =(i) — )
Opk+1) = Opy  ANA T pq) = T for
i=1,....,n, and k=0,..., n,. (8)

The iteration starts at k = 0 with default values for B and
R that determine 3;)()1() and E('()A) After performing a DA
slmulatlon typically consisting of multiple cycles, (rg()k)
and o 0' (k) can be determined. Here, we compute the er-
ror covariance diagnostics for each DA cycle in-
diVidUd“y and then average across cycles to obtain a'g()k)
and 5" (k) In the next step, R and B are adjusted to satisfy
the equalltles in Eq. (8). The rows and columns in B
associated with observation type i are multiplied by
/\(') =(rf;()k)/_g'()k) The R is treated analogously, using
the multiplier A = US()A)/E(;(),() because R is diagonal,
this amounts to multiplying all diagonal elements R;;

associated with observation type i by [A©]%



Extract these data from ERDDAP obs/mod file browser

residual ->  dj=y—H(x ), (2)

innovation ->  d) =y - H(x,), (3)

increment -> dj = H(x,) —H(x,) (4)
Compute

~(i) _ ago T _—(i)
G} \/l()l]dedm \/|0|,Z(“B“) Ty

~ )_ odo _—(z) (7)
% |0|, \/|0|,eo b



o

% time range and type and/or provenance selection

Extract these data from ERDDAP obs/mod file browser

switch opt
. c case 6.3 % IR SST
esidual ->  dj=y—-H(x), 2 )
' re H’}dl a= Y ( “) 2) sub = find(data.obs type==6 & data.obs provenance >=301 ...
mnovation -> dy=y—H(x,). (3) & data.obs provenance <=303);
o e _ label = 'infrared SST'
increment -> dj = H(x,) —H(x,) (4)

case 6.5 % in situ T
sub = find(data.obs type==6 & data.obs provenance >=601 ...
& data.obs provenance <=799);

Compute label = 'in situ SST';
end
1 % extract subset
&g)— }Ed bj }EﬂiBfﬂd -'Egt cobs = data.obs_value(sub);
“7|1 |C)|ﬁ0 cres = data.residual(sub);
cinn = data.innovation(sub);
) = 1 odo =Z# (7) cinc = data.increment(sub);
¢ H?|] |C)|ﬁ0 i coer = data.obs_error(sub);

cber = data.BgError value(sub);
cday = data.time(sub);

% compute Desroziers diagnostics
Ni = length(obs);

if Ni>0
Ni(j) = Ni;
sigmaot(j) = sqgrt((res'*inn)/Ni);
sigmabt(j) = sqgrt((inc'*inn)/Ni);

sigmaoe(j)

sigmabe(j)

sigmada(j)

J = 3+1;
end

sqrt((oer'*oer)/Ni);
sqrt((ber'*ber)/Ni);
mean(day);



o

% time range and type and/or provenance selection

Extract these data from ERDDAP obs/mod file browser

residual ->  dj=y—-H(x), (2)
innovation ->  d) =y - H(x,), (3)
increment -> dj = H(x,) —H(x,) (4)

€0,

y 1
~(i) _ a o Ty _ (i)
g d d. = HBH a;, .
b \/l()ljz bj ™ bj \/|O|,Z( ) b

: 1
o) = Ddody ~ ER =g\, (7)
t |O | JEO0,; v |O |1 i %o

Revise estimated background and observation error
and repeat the analysis

—(i) ~ (i) —(i) — )

Tpiks1) = Opy and 0,0 . =0, for

i=1,...,ni and k=0.....n,. (8)

switch opt

%

case 6.3 % IR SST

sub = find(data.obs type==6 & data.obs provenance >=301

& data.obs provenance <=303);
label = 'infrared SST';
case 6.5 % in situ T
sub = find(data.obs type==6 & data.
& data.obs provenance <=799);
label = 'in situ SST';
end

o

% extract subset

cobs = data.obs value(sub);
cres = data.residual(sub);

obs provenance >=601

cinn = data.innovation(sub);
cinc = data.increment(sub);
coer = data.obs error(sub);
cber = data.BgError value(sub);
cday = data.time(sub);

% compute Desroziers diagnostics

Ni = length(obs);

if Ni>0
Ni(j) = Ni;
sigmaot(j)
sigmabt(j)
sigmaoe(j)
sigmabe(j)
sigmada(j)
= J+1;

end

= sqgrt((res'*inn)/Ni);
sqrt((inc'*inn)/Ni);
sqrt((oer'*oer)/Ni);
sqrt((ber'*ber)/Ni);
mean(day);



Objective adjustment of 4D-Var observation and background error assumptions
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Using ERDDAP as a back-end to web-based graphical displays

https://marine.rutgers.edu/~hunter/bokeh/DOPPIO SCATTER.html
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Using ERDDAP as a back-end to web-based graphical displays

https://marine.rutgers.edu/~hunter/stuff/DOPPIO+Skill+update.html
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Using ERDDAP as a back-end to web-based graphical displays

https://marine.rutgers.edu/~hunter/stuff/DOPPIO+Skill+update.html

Using Python for Model Skill Assessment

This example using data from http://tds.marine.rutgers.edu/erddap/tabledap/DOPPIO _REANALYSIS OBS.graph. It includes observational data uased as input
to the ROMS 4DVAR implementaion in the DOPPIO model domain, DOPPIO model output at the observation locaitons, Mercator model output interpolated to
the model locations, and HYCOM model output interpolated to the model locations.

In [1]: import sys
import pandas as pd
import numpy as np
import matplotlib.pyplot as plt
import mpl_toolkits.axisartist.floating axes as floating_axes
from matplotlib.projections import PolarAxes
from mpl_toolkits.axisartist.grid_finder import (FixedLocator, MaxNLocator,
DictFormatter)
import requests
import optparse

Create the ERDDAP request. The example below extracts data of obs_type=7 (Salinity) for year 2015.

In [10]: urlfun=(
'"http://tds.marine.rutgers.edu/erddap/tabledap/DOPPIO REANALYSIS OBS.json?'
'obs_type%2Cobs_provenance%2Ctime%2Clongitude%2Clatitude%2Cdepth%2Cobs_error%2Cobs_value%2Cmerc_value%2Chycom

value%2Cmodel value'
'&obs_type={}'
'&time%3E={}"
'&time%3C={}"').format
starttime='2015-12-01T00:00:00Z"
endtime='2015-12-31T00:00:002"
url=urlfun('7',starttime,endtime)
print url
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Make the request and save it to a json OBJECT.

In [11]: response=requests.get(url)
try:
j=response.json()
except ValueError,e:
print response.text
print "Error accessing site:",e

j= j[ 'table']

Next we convert the JSON to a pandas dataframe, for easier processing.

In [12]: dfl = pd.DataFrame([[d for d in x] for x in j['rows']],columns=[d for d in j[ 'columnNames']])

And calculate the statistics.

In [13]: N=len(dfl)-1 #For Unbiased estimmator.
xcorr=dfl.corr()
stdevs=dfl.std()
means=dfl.mean()

cols=['CORRELATION', 'CRMSE', 'BIAS','MSTD','OSTD']

tskill=np.empty((3,5))

#CORR

tskill[0,0]=xcorr[ 'obs_value'][ 'model value']
tskill[1l,0]=xcorr[ 'obs_value'][ 'hycom value']
tskill[2,0]=xcorr[ 'obs value'][ 'merc_value']
#CRMSE

tskill[0,1]=np.nansum(((dfl.obs value-means.obs value)-(dfl.model value-means.model value))**2)/(N*stdevs.obs value*st
devs.model value)
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Create a plotting function. In this case for Taylor diagrams.

In [14]: def taylor(scores):
fig = plt.figure(1l)
tr = PolarAxes.PolarTransform()

CCgrid= np.concatenate((np.arange(0,10,2)/10.,[0.9,0.95,0.991))
CCpolar=np.arccos(CCgrid)

gf=FixedLocator (CCpolar)

tf=DictFormatter(dict(zip(CCpolar, map(str,CCgrid))))

STDgrid=np.arange(0,2.0,.5)
gfs=FixedLocator (STDgrid)
tfs=DictFormatter(dict(zip(STDgrid, map(str,STDgrid))))

ra0, ral =0, np.pi/2

cz0, czl =0, 2

grid helper = floating axes.GridHelperCurveLinear (
tr, extremes=(ra0, ral, cz0, czl),
grid_locatorl=gf,
tick formatterl=tf,
grid_locator2=gfs,
tick formatter2=tfs)

axl = floating axes.FloatingSubplot(fig, 111, grid_helper=grid_helper)
fig.add_subplot(axl)

axl.axis["top"].set_axis_direction("bottom")
axl.axis["top"].toggle(ticklabels=True, label=True)
axl.axis["top"].major_ ticklabels.set_axis_direction("top")
axl.axis["top"].label.set_axis_direction("top")
axl.axis["top"].label.set_text("Correlation")

axl.axis["left"].set_axis_direction("bottom")
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rms = np.sqrt(l + rs**2 - 2*rs*np.cos(ts))
contours = axl.contour(ts, rs, rms, 3,colors='0.5")

plt.clabel(contours, inline=1, fontsize=10)
plt.grid(linestyle="':"',alpha=0.5)

for r in scores.iterrows():
th=np.arccos(r[1].CORRELATION)
r=r[1].MSTD/r[1].0STD
axl.plot(th,r,'ro'")

plt.show()

And generate the Taylor diagram.

In [15]: taylor(skillscores)

0_ 1 1 1
%0 05 10 15
Normalized Standard deviation
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