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Background

The main application for the HIRLAM system = the production of general
weather [orecasts, with particular emphasis on detection and [orecasting of severe
weather. Results are presented for 3Ve specifically designed Lo trigger one type of
high impact weather namely, deep conveetive svstems, This is achioved by look-
g [or perturbaticms that maximize convective available potential energy (CAPE)
metead of total energy.

Theory

The time evolution of small perturbations <07 of the initial condition x(0) over a
certain tirne ¥ 15 given by

e[ = MO, T)e(0) (1)

Here Af i= the tangent linear propagator, The leading singular vector ie the vector
(1] that maxirnizes the ratia
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Let C{x) be a function thal computes CAPE, Tayler expansion of &(x) around a
reference profile & gives
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Where ¢ = ¢ — x*. The leading CAPE-2V is the vector e(0) thal maximizes the
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Case study

In the moming of Auguet 22nd 2007 a thunderstorm hit Finland which the opera-
tional FMl-model failed to predict in any of the cyeles verilying at the same time.
The predictability s investizated using TE and CAPE-5Ve. Total energy and CAPE
singular vectors where caloulated for the period 2007-08-15 0007 until 2007-08-30
12 17"C at B hour intervals with an optimization time of 12 hours using a dry total
energy norm at initial time (no specific humidite perturbations).

Figure 1 shows the leading singular valus as function of the stact of the SV-calculation
using the TE-norm and CAPE-norm There is a daily pattern in the singular val-
nes with the CAPE-norm with higher values duting the wimndows 12-00 U1 and
LE-06 1T, Both runs eheow higher values around Augost 28nd indicating that the
atmosphere was sensitive to small analvsis perturbations m the period when the
[ l-model failed. In Ggure 2 the vertical energy distribotion of the leading 10 TE-
SVs and 1O CAPE-5Va at initial and final time are given for Augost 21 ab 18 D770,
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Figure 1: Leading singular value as function of start of 8%-caleulation with TE-norm
{left] and CAPE-norm (right)
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Figure 2: Vertical energy distribution of the leading 105V, From left to right: [nitial

TE-8V, evolved TE-5V, mnitial CAPE-SVs, evolved CAPE-SVs

For comparison the temperatore, wind and meoisture felds are converted to units of
energy using the total energy norm. For the TE-3%s mest perturbation energy is
mitially in the temperature field which i=s converted to kinetic energy al final time.
Because the TE-8Vz are located high in the tropesphere while CAPE i= dstermined
by the stability in the lewer troposphere we do not expect that these TE-5V have a
large impact on CAPE. The CAPE-SVE are located belaw 500 hPa at initial and A-
nal time and they mainly inlluence the moisture distribution in the lower troposhere
al final time: Baoth the evalved TE-5Vs and CAPE-5VE are located elose to the
active region (nob shown ),

AL evalved time the RMS of CAPE for the TE-SY and CAPE-SVE are A7 and
2804 respectively showing that the CAPE-5VE ame almost 30 times more effective
in triggering CAPE.

Conclusions

The CAP E-norm has bheen presented and the SV experiments with the Finnish case
have shown that the final time norm may have a large impact on the structure of
the 8Ve. The CAPE-5Vs are considerably more effective in perturbing CAPE than
TE-2Va. Both TE-5Ve and CAPFE-8Vs sugeest Lhat the failed FMI forecast might

be a regult of errors in the analysis,
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