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1l

e Forecast capabilities = @Qsentation of
|

e High spatial / temporal
‘| resolution

DATA ASSIMILATION
e combines both in an optimal way, to enhance their
advantages and reduce their disadvantages
e solves the inverse problem of determining the model state
from the observations

N
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SEQUENTIAL
Approach
(Linear Filters)

Compute the analysis

by
solving the optimal estimation
- equations
- T Y
A filter analyzes the system state
each time that observation data
become available

= >
> ]

"" A L&
VARIATIONAL
Approach

(Variational Methods)

Compute the analysis
by
minimizing a cost function
—

Variational methods are based
on minimization of a cost
function within a time interval
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e.g. Kalman Filter

Time Update equations Measurement Updaie equations

— B

(“predict’) ‘ (“Correct”)

Sum of the squared Sum of the squared

deviations of the analysis deviations of the forecast

values from the fields from the analyzed
observations, weighted by SN fields, weighted by the

the accuracy of the accuracy of the forecast
observations _ _

This term is added to make sure that the
analysis does not drift too far away from
observations and forecasts that are usually
known to be reliable.
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IProbIem to be solved: I

Atmospheric Dispersion forecast with
-~ Assimilation of the available concentration =
!_ measurements Data

Solution method:

. Development of a Data Assimilation
algorithm based on Variational approach
and its implementation in a Lagrangian

., buff dispersion model

. The algorithm evaluates the “true” source
emission rate of pollutant
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The puff model used ia simplifi'
(Gaussian) version of the DIPCOT model

A parcel of pollutant is The concentration at a given
characterized by location is obtained by

L . 4
o \ Y - l
N

i Gaussian distribution
r of concentration inside
the parcel

E 4

Summing the
impacts of all puffs
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I CH(X.Y,Z)= 1 372 i 2, CXP _l(Xp_zX)z CXp _l(Yp _2Y)2
(27)"* $50,0,0., 2 o, 2 o
exp| - 2, _22)2 + exp| —— 2, +Zz_22g)2
GZP 2 Gzp

* M, is the “load"” of puff p

A ° 9, is the source emission rate during the

- release of the puff p

At is the release duration of puff p
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Wy Variational Data

i..
r\" “m llation?

\ B> —— ——

For the case of the "puff' model Vanatlonal
assimilation is more suitable, because the state
vector of the maodel (puff positions) is
nonlinearly related to the measurements
(concentrations).

In thal case one has to use the so-called
"Extended Kalman Filter”, which is valid only if
{he true values of concentrations are close
enough to the first guess model predictions

- This is not the case Iin real practice: error In
| source functions and hence in first guess model
predictions can be large.
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| VARIATIONAL METHOD .= ||

» A set of unknown model-parameters { control
variables”) is selected

o » The control variables are calculated such as to
minimize the functional

Whe ‘e: N observation n\qgs and K measurement locations, and

"d O'nk RM ‘ JolS e n and location k

4

(0] . . .
O Measured concentration at time n and location k

C}% Model-calculated concentration at time n and location k
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ﬁ The selected control variables are the values of
«| the source emission rate during the release of
each model puff q= (ql,qz, 2q,)

\\

Rationale: in the event of accidental gas releases,
there is a high uncertainty regarding the release
rate which is important for forecasting the gas

concentration
———

The model-calculated concentrations are expressed as
function of the control variables vector: C¥ =G -q
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The cost functlonal becomes:
— — S e ———— " — - e — ____ '—ﬂ

J=(c°-G-q) 0"(c°-G-q)+(q-4q,) B (g—q,)

Background and Observational errors

observational errors proportional to observed
uncorrelated and constant ,, concentrations

The above equations are solved for q
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“Identical twin” experiments were used to evaiuate the
| performance of the data assimilation methodoiogy for the
puff model.

Twin” experiment is a method for testing a DA
algorithm, when real observations are not
available.

“Twin” experiments include two parts:

‘True’ run

wh. W

[nlg disgarsior) mlocel canarziids “earigeniiretion agsarvetions Usirle) =)
r SIES SOURCERETIINUNCT O
HERRHIENTIGEE] JD fUrnl zlefelln Usirle) crl csstrnad? sotiree tarn)
eipiel cissinnileltinle) €rle observa‘t]rr:: erm tEN TNt EVaUatE
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2 |-dirnensional dispersiorn

& Constant in tirme source rats

& Constant wind speed

= Constant root mean square error of the observations
&> | observation ooint

The initial%umed source term function,
differs by a factor of 10 from the “true” one
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The influence of the total time duration of

the measurements and of the measurement

time interval on the analysed source term
(Tsource= 2000 s) —
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CONCLUSIONS:

— = . = - -:.-—.-_--"'i
s — =

i e The adjustment of source function strongly depends on the r
. value: it improves as r decreases. Small r means small error
of measurements, and in this case the measurements are
given higher weights.

e The performance of the method improves as the time
frequency of observations increases: the “load” of more
model-pufis is adjusted with more frequent observations.

e If the total measurements time does not cover the source
release duration, not all the model puffs can be adjusted.

A
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e — — i —— —— > -
—— — S _— E = e — = A e - _— 2 =
— - - = —— -

e

o If 0, is constant then the performance of the

method depends on the magnitude of the
measured concentrations, i.e., on the distance of
the measurement iocation(s) from the source:
small measured concentrations (i.e., far from the
source) would be given less weight (because the
ratio o¢/C, increases.

AN ' _ &v“" T - “-_“
TThe way tofovercome this undesirable behaviour

’ IS to abandon the assumption of constant  and assume that
IS proportionall to observed concentrations.
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qlltruell
— — - q"first quess"

A q"adjusted” with observation error proportional to concentration, (rmod = 1E-16)

A q"adjusted” with constant observation error, (r =1E-16)
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Conclusion:

s * When the RMS error of observations is
proportional to the cbserved values of
concentration, the performance of the
method is improved, even for larger r
values

»
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Conclusion:
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#Estimation of variable in time emission rate:
» Gaussian-shaped function

> Shifted in time
> | inear variation

- \

11th International Conference on Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes
Cambridge, United Kingdom, July 2007



- qlltruell
————— q"first guess"

12000000 7 4 q"adjusted"(2 Observation points, rmod=1E-16)
10000000 - T T T~
8000000 | 7 ™~ S
—_ 7/ N
@ / N
(7] i 7’ N
= 6000000 L N
o 7 \\
4000000 - 7 N
/// \\\
2000000 - P N
0 o _ /; M |
0 500 1000 1500 2000
t(s)
- qlltrueIl
12000000 - | 77 q"first guess . .
4 q"analysed”(2 Observation points), rmod=1E-18
10000000 - T T TN
/// \\\
8000000 ~ s AN
—_— / AN
% -~ AN
2 6000000 - e N
F // \\
4000000 - R AN
// \\\
2000000 - T o
— T B B m
O — T T T
0 500 1000 1500




qlltruell
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2 The wmd velocity varies spatially as a
sinusoidal function
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l CONCLUSIONS I

2

</

The developed algorithm of variational data
assimilation allows adjustment of source function
in puff/particle model for non-stationary (wind
and source) conditions

The results showed that the assumption of error
of observations proportional to the concentrations
iIs more preferable than the constant relative
error

Finally tests with variable wind speed showed
that the formulation of the methodology is more
general and can be extended to take into account
variable meteorological conditions.

 —
—
.
[rm—
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Future work involves:

e Application of the method to more reaiistic
situations (2-dimensional, 3-dimensional) and the
required optimizations

e xtension of the DA method to evaluate the
A source height through adjoint equations

- o7
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