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Information from observations: pﬂ{y“hf‘i]

A Bayesian
Information from models p,, (y?|H(x)) Approach

Information from prior p,(x|x")

Pa(x|x®, y°, H) = const x py(x|x?) ff 00(¥°1y?) pm (¥ [H(x)) dy*

[f Gaussian input statistics, then Bayesian result is:

1
pa(x|x®, v°, H) = const x exp [_EJ{I}]

where



Implications of the Bayesian Approach

1. Unless the underlying distributions are simple, the problem is
computationally intractable for large problems.

2. We see how the different information should be optimally combined.

3. We see what statistical knowledge is required as input.

4. \We see that E and F may be equally important.

5. Results may depend on shapes of distributions, not only their means
and variances.

6. We see that selection of a “best” analysis can be somewhat
ambiguous.

7. Multi-modality of the PDF can occur, particularly due to model
non-linearity.

8. While an explicit Bayesian approach may be impractical, the
Bayesian implications of other techniques should be considered.



Examples of some issues
peculiar to precipitation assimilation
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Example of Model Error:
Errico et al. QJRMS 2001

6-hour accumulated precip.
With 3 versions of MM5
Contour interval 1/3 cm
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A possible problem with use of logs in the cost function

Treating fits to precipitation observations P? like other observa-
tions, we have as a contribution to the cost function

Jl-’rm'ip — ZHJE[PF — Hi(x}]g

An alternative treatment is

JF'rfrr.ip — Z 'HJJ;_EIII] F;G —In Hi[:x}]z

.2 P
_ZI.:TLJ; []n Hf{xj]

Now, consider two observations, one with P? = 10, H;(x) = 5,
the other with values .01, .005.

Note that special treatment of 0 values are required.
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Tangent linear vs. nonlinear model solutions
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Statistically-Based Sub-Grid Parameterization

Model for small volume of mass Am:

v daila = qu(Tipg)| + e i qi > qu(Tipi)
: £; otherwise

Consider average over large volume 1’

F

I
1
I_ﬂm Z r;ﬂm

i=1

In general, ¥ # r,(g.7. p)
Consider a uniform distribution of ¢ — ¢, within V';

—~Ag < g — qa{Ti. ;) < Ag

A new model:
alg —qs) ifg—q, > Ag
me =4 0 ifg—gq, < —4gq
a0+ Ag)*  otherwise
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Dependence on precipitation type
Fillion and Mahfouf 1999 MWR
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Adjoint-derived, optimal perturbations
Errico, Raeder and Fillion, 2003 Tellus

Consider J = J(x)

Determine initial perturbation x’ that maximizes:

T
a.J
a1 | ot
(ziven 1nitial constraint:

1

C=-x""TB'x

Ex X
Solution: 97
x =A"1B—
Jx

L
Max(J') = \/zcr (%) ng—J
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Posterior (analysis) PDF of 1DVAR of Convection
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ABSTRACT

The assimilation of observations indicative of quantitative cloud and precipitation characteristics is de-
sirtable for improving weather forecasts. For many fundamental reasons, it is a more difficult problem than
the assimilation of conventional or clear-sky satellite radiance data. These rensons include concerns re-
garding nonlinearity of the required observation operators (forward models), nonnormahty and large
varances of representativeness, retrieval, or observation—operator errors, validation using new measures,
dynamic and thermodynamic balances, and possibly limited predictability. Some operational weather pre-
diction systems already assimilate precipitation observations, but much more research and development
remains, The apparently critical, fundamental, and peculiar pature of many issues regarding cloud and
precipitation assimilation implies that their more careful examination will be required for accelerating

PrOgIess.



Review of state-of-the-art at ECMWF
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The apparent neglect of many fundamentals

Few statistical considerations
background estimates ignored
background error correlations ignored
observations considered too accurate (and Gaussian)
representativeness (forward model) error ignored
Few balance considerations
univariate error statistics
unbalanced reference states
Limited evaluation
limited cases
limited measures
Some strange results
ultra rapid convergence rates
mis-characterization of sizes of terms
little decrease of norm of J-gradient



e -fametinn

B il

Sapurira ol e pdient nodm

Convergence of ADVAR

ECMWF s
e L
2002 i
i -i"'-_—-'l-_—'-'ﬂl::— I ey
10 0 30 =0 549 ack il

L1 20 al 40 =] L] T
fherationg

\ ——— MP+RR (37)
1“1 — — — MP (49)
= 1000 ' ‘1 ! i il
8 |
< :
&) 1
° g
E 100 o et
g .
Tsuyuki
1996
1'0 1 | 1 1 |
0 5 10 15 20 25 30
Mo of iterations
-
7704
Rk Navon
g,,,# 1999
= 180 -
S 50
4]
E 204 l.ll
on 50 A
fo \
”-
ql.l:!lwtﬁﬂﬁi']ﬁ-ﬂﬁﬂ-ﬂﬂ

iteration number



Summary

1. 1 am confused!

2. How can so many apparently fundamental aspects of the
problem be neglected, yet such good results be reported?

3. Only in rare cases is enough information provided to help
explain question 2.

4. Since only an improvement over some baseline is required,
It IS not necessary that “correct” procedures are used, just

“useful” ones.

5. Successes may reveal more about the baseline results than
about the correctness of a new assimilation procedure.

6. With both observation and forward model errors likely
very large, what should be a realistic expectation of the

usefulness of precipitation information and how can this
be realized?
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Recommendations

. Be skeptical.

Ask lots of questions.

Consider Bayesian implications.

Determine reasonable error estimates.
Estimate what issues are generally important.
Explain results.

Encourage research at research institutions.
Entrain some interested experts.
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