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1 Introduction

Kain-Fritsch (KF) convection is used in HIRLAM immbination with Rasch-Kristjansson (RK) large
scale condensation and a diagnostic cloud fracabeme. The whole moist physics package will be
called here KFRK. In Calvo (2005) there is a sumymaf performance studies using KFRK in
HIRLAM. We will describe the main features of the=Kersion used in HIRLAM (section 2),
afterwards we will discuss the performance of KF&tnpared with the reference STRACO scheme
under current HIRLAM system (section 3) and we efid with some conclusions and future plans.

2 The Kain-Fritsch version in HIRLAM

Our version is close to the updated Kain-Fritschcdbed in Kain (2004). The main differences of
HIRLAM version are
- Trigger. Apart from the small perturbation given at LiffiCondensation Level depending on
resolved vertical velocity, a perturbation is irdsd depending on the environmental relative
humidity in a similar approach to Eta KF.
Downdrafts The starting level is the level with minimum sated equivalent potential
temperature instead of starting at a height betwidghand 200 hPa above updraft starting
level.
Shallow convection triggein HIRLAM it is also depending on maximum turbuodekinetic
energy in the subcloud layer but the tuning is sehat different.
Shallow cumulus mixingRadius of shallow clouds is lower than the radfigleep clouds
implying more mixing for shallow clouds.
‘Passive’ shallow cloud formulatiorCloud condensate from convection is used to céenpu
shallow cumulus cloud fraction that is passeth®RK scheme which will make the clouds
evolve according to large scale condensation amdopinysics (shallow cumulus clouds may
precipitate). For details of this approach see damel Sdnchez (2002).

3 Performance compared to reference STRACO scheme.

We have performed a series of short parallel rumsdifferent seasons comparing KFRK with
reference STRACO scheme using current HIRLAM refeeesystem. The periods chosen are March
1-14, 2006, July 28-August 7, 2006, October 21- édaler 1, 2006 and January 10-20, 2007. The
model set up is summarized in Table 1 whereasitlegriation domain can be seen in Figure 1.

Table 1 Description of model set up

HIRLAM version 7.1

Horizontal resolution 0.16

Vertical levels 60

Analysis 3DVar

Boundaries ECMWEF T799 forecasts
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In Figure 2 we have plotted bias and root mean reqgaaor (RMSE) comparing both schemes with
soundings from EWGLAM stations for the 48 hour fa@st. Major impact is on relative humidity
(RH), especially at high levels where KFRK cleaitgproves the reference. Recently a bug in
HIRLAM 7.1 was discovered concerning radiation paeterization using STRACO due to a wrong
partition of liquid/ice in clouds. As this erroresas to produce a negative bias in temperature for
STRACO, the differences between the schemes orfighisare disregarded. In Figure 3 we have
depicted the errors on cloud cover and Mean SeallRressure (MSLP). Despite the improvement on
RH there is only a small improvement on the clooget field but it is probably difficult to use
synoptic observations for cloud verification. On MSthere is some improvement. Although the test
period is probably too small to extract definitenclusions, the MSLP improvement is encouraging
because we used to have deterioration on thiswigldprevious model versions.

In table 2 we have condensed the precipitationfigation. Overall KFRK distribution is narrower
(forecast category is closer to the observed cayggand underestimates less the high amount
precipitation. The drawback is that KFRK tends ¥erestimate light precipitation

Table 2. Precipitation verification againsMESLAM observations accumulated in 12 hours. F
given observed category, forecast distribution @ong categories. The categories are rufi
from the corresponding threshold to the next All forecast lengths are verified together. A doo
forecastshould concentrate on the diagonal and nearbygmies.

Observed (mm/d) Observed (mm/d)
<0.2 06 2 6 20 60 200 <0206 2 6 20 60 200
<02l 68 31 15 8 5 4 4 <0259 20 7 4 2 2 4

06|16 15 9 5 2 2 2

% 06|13 20 15 8 4 2 1 -

© 2|11 24 27 20 11 6 8 S 2015 28 25 14 7 4 4

o 6 17 26 33 28 15 11 S 6|8 25 353 21 12 7

Q20| 2 7 14 2742 41 21 X 20| 3 11 21 37 52 39 22

T 60 2 2 4 9 28 44 L 60 2 3 5 14 39 44

? 200 1 3 12 200 2 15
Tot: 414784458 6844 4553 4750 1735 156 Tot: 414784458 6844 4553 47501735 156

In Figure 4 and 5 we have computed different scaséng an open bound approach for the categories
(the observations or forecasts belong to a cateidingy are greater or equal to that categoryufég

4a plots the number of observations in each cayeddwte that above 60 mm/day there are only few
observations. We plot together the scores compugid) observations accumulated in 6 and 12 hours
to show the uncertainties of the method and ofrsarizing all the verification information in a seor

In Figure 4b we plot the frequency bias. The fremyeof small precipitation amounts is higher in
HIRLAM forecasts than in observations but we ndattthis overestimation would be smaller if we
use higher resolution observation networks. Theestanation of light precipitation is smaller with
STRACO scheme. Note that the frequency bias isanchccuracy measure that only shows model
tendency. Two scores often used to evaluate thepitegion skill are the Equitable Threat Score
(ETS) and the True Skill Statistic (TSS) or Hans&wipers discriminant. TSS may also be used to
evaluate how good is the separation between diffecategories. Overall KFRK improves the
precipitation forecasts except for small amourts3¢5 mm/day).

4  Conclusions and plans

Overall the new moist scheme using Kain-Fritschveation verifies better with observations than
reference STRACO scheme. The biggest impact of KisR¥q humidity and precipitation. KF clearly
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improves humidity especially on higher levels. Theecipitation is improved except below 3-5
mm/day. The underestimation of small amount préatipin is currently under investigation.

KF version in HIRLAM is the evolution of the origih early 90’s KF code modified by several
scientists. The code is somewhat messy and paadymented. In order to fulfil IFS fortran-90
standards a re-codification of the scheme is nedéedthat purpose we are starting with the KF Eta
code from WRF model which is already in fortran S@. far the results are promising: the code is
more robust, cleaner and it seems to improve lgghtipitation forecast. We are in the process of
testing HIRLAM variations to this KF Eta code. Oofethe major problems of using WRF KF is that
we would need to vectorize the code something west already done for the current HIRLAM
version of KF with the assistance of NEC analysts.

Also under investigation is the partition betweargke scale condensation and convection as a functio

of model horizontal resolution. Currently we arstiteg different ways of making deep convection less
active when increasing the resolution.
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Figure 1 Domain of integration at 0.16 degrees horital resolution.
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Figure 2 Objective verification of the H+48 foretaagainst EWGLAM soundings. Comparison of
KF (red/solid line) with STRACO (dash/blue lineM®&E and Bias of (a) Mean Sea Level
Pressure and (b) cloud cover.
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Figure 3 Obijective verification against EWGLAM sgias. Comparison of KF
(red/solid line) with STRACO (dash/blue line). RM®iE Bias of (a) Temperature and
(b) Relative Humidity.
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Figure 4  Objective verification against EWGLAM &tat using observations accumulated in 6
and 12 hours. Comparison of KF (red/solid line)m&TRACO (dash/blue line). (a)
Number of observation used for each category, ahéequency bias.
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Figure 5  Objective verification against EWGLAM g&tat using observations accumulated in 6
and 12 hours. Comparison of KF (red/solid line)m&TRACO (dash/blue line). (a)
Equitable Threat Score and (b) True Skill Statistic
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