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Abstract. The sensitivity of quantitative precipitation fore- precipitation is improved by forcing the model to produce
casts to various modifications of the Kain-Fritsch (KF) more cloud material as well as by the alteration of the verti-
convective parameterization scheme (CPS) is examined focal profile of updraft mass flux detrainment.

twenty selected cases characterized by intense convective ac-
tivity and widespread precipitation over Greece, during the
warm period of 2005-2007. The study is conducted us-1 Introduction
ing the MM5 model with a two nested domains strategy,
with horizontal grid increments of 24 and 8 km, respectively.

Greece is a topographically diverse country; thus, there are
dnany variations in the weather conditions especially during
the warm period of the year. Typically, the climate during
summer and early autumn is characterized by high tempera-
tures and limited amounts of rainfall. However, during this

sensitivity of the model to the convective scheme formula-
tion, are discussed. The modifications include: (i) the max-

imization of the convective scheme precipitation efficiency, d d h terized by int ’
(ii) the change of the convective time step, (iii) the forcing of period, many days are characlerized by intense convection

the convective scheme to produce more/less cloud materiaf’,lnd important lightning activity gspecially over the north-
(iv) changes to the trigger function and (v) the alteration of tehr n part I(I)f thel CO?;}:W (Ma;wzarakls etal., 2008)' IBecguls efof
the vertical profile of updraft mass flux detrainment. € small scale ol these pnénomena, numerical models Ire-

The simulated precipitation from the 8-km grid is veri- guently fail to provide acceptable quantitative precipitation

fied against raingauge measurements. Although skill Scoregorecasts. Convection cannot be explicitly resolved at the res-

vary widely among the cases and the precipitation thresh_olutlon used by operational mesoscale models when the res-

olds, model results using the modifications of the convective_omtIon is greater than 4km, and thus it is parameterized us-

scheme show improvements in 6-h precipitation totals Com_lng one of the various convective parameterization schemes

pared to simulations generated using the unmodified con(CPS)' Many studies have shown that among the various CPS

vective scheme. In general, forcing the model to produceused in the numerical weather prediction (NWP), the Kain-

less cloud material improves the precipitation forecast forFrItSCh (KF) scheme (Kain and Fritsch, 1990, 1992) per-

the moderate and high precipitation amounts, while the sam ogrsr)rés. me” In focriegasts of Cfgng;c:'(v? sy;tergsL(Kuo et gl.,
modification and the change of the convective time step tg » vang and seaman, » rotroni and Lagouvardos,

1min has the same result for the high precipitation thresh-2001’ 2_004; Ferr|er,_2004; Mazarakis etal., .2009)' .
The implementation of the KF scheme is characterized

olds. The increase of convective time step to 15min, the : . N
maximization of precipitation efficiency and the changes toby a tendency in some cases to overpredict precipitation
the trigger function give similar results for medium and high amounts (SF_’encer and Stensrud, 1998; Gallus and Segal,
precipitation. On the other hand, the forecast for the Iight2001; Correia et al., 2008). Other pro.bllems are the erro-
neous placement of the convective activity and the failure
of the representation of propagating convection (Davis et

Correspondence td\. Mazarakis al., 2003). In particular, the quantitative precipitation fore-
BY (nickmaz@meteo.noa.gr) cast (QPF) above the Greek peninsula mainly suffers from
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the two aforementioned problems (Kotroni and Lagouvardosdiffers from the original KF in that updraft detrainment of
2004; Mazarakis et al., 2009). heat, moisture, and condensate begins above the level of min-
Numerous studies have been devoted to the improving thémum saturated equivalent potential temperature, whereas
performance of the KF CPS. Some of them focus on thethe KF CPS begins detraining above the level of equilibrium
change of several simple tunable parameters of the schenmemperature. Using the aforementioned modification, they
while others are more sophisticated, as they consist of maearried out numerous sensitivity experiments (i) altering the
jor changes to the core of the scheme. The main modificaCPS microphysics to produce less convective precipitation,
tion of the initial scheme (Kain and Fritsch, 1990) included (ii) modifying the downdraft temperature effects in the low-
major changes to the updraft and downdraft formulation, al-est levels, (iii) using two alternative convective time steps
lowing shallow (nonprecipitating) convective clouds and also (1 min and 4 min), and (iv) testing three idealized profiles to
changes to the closure assumption (Kain, 2004). Until thendetermine the sensitivity to the magnitude and shape of the
various simpler modifications had been implemented. Forheating. As a result of these modifications, stronger gravity
example, Spencer and Stensrud (1998) have tried to improveraves were produced that lead to the production of spurious
the model skill of QPF by applying three different modifi- convection. The results suggested that two processes are of
cations. These maodifications included the maximization offundamental importance for propagation: depth of low-level
the precipitation efficiency, the elimination of the convective cooling and the location of the heating maximum.
downdrafts below the cloud base and the delay of the down- One of the most important parameters in convective
drafts relative to the initialization of the updrafts. Model schemes is the “trigger function” (Kain and Fritch, 1992) be-
simulations using each one of these modifications showed anause its formulation and the criteria that should be satisfied
improvement in the estimation of total rainfall fields versus play a significant role in the scheme activation. Modifica-
the simulations that use the unmodified convective schemetjon of the “trigger function” can have a positive impact on
since the rainfall maxima provided by the model were of- the QPF skill. For example, a modified version of the KF
ten near the observed maxima, especially when the secon@PS has been used by Ridout et al. (2005) in which a cloud
modification was been used. In another study, Gallus andase quasi-balance constraint on convective cloud-base mass
Segal (2001) used the KF scheme with the ETA model forflux is implemented. The modified scheme includes changes
twenty warm mesoscale convective system (MCS) cases ant the updraft source-layer selection and to the convective
made various initialization adjustments. For their study theytrigger perturbations, while a great part of this is based on
used two different convective time steps, 10 min and 20 minthe Emanuel convective scheme (Emanuel, 1991; Emanuel
and found that doubling the convective time step did not haveand Zivkovic-Rothman, 1999). More recently, Truong et
any significant impact on the precipitation forecasts. al. (2009), using a modified version of Kain-Fritch CPS, suc-
Many authors focused on the modification of the physi- ceeded at an important improvement in simulated rainfall
cal characteristics of the updrafts and downdrafts in the KFcompared to the original scheme for a case of serious flood-
scheme. For example, Anderson et al. (2002) tried to im-ing in Central Vietnam. A new diagnostic equation to com-
prove the QPF skill in two cases characterized by elevategute updraft velocity, closure assumption and trigger func-
convection by implementing two different modifications; the tion was used in their modification where they take the verti-
downdraft mass flux was related to the mean relative humid-cal gradient of the Exner function perturbation into account,
ity within the downdraft layer and the cloud radius varied with an on-off coefficient to account for the role of the ad-
between 100 and 3000 m. Ferrier (2004) managed to allevective terms. Thanks to the analytical computation of the
viate the problem of high QPF bias, testing various modi-ratio between the vertical gradient and buoyant forces for the
fications of the KF CPS and found some improvements inupdrafts, they created different expression than the original
QPF. Namely, in his modifications (i) all of the rain and for the trigger function, updraft velocity and CAPE.
snow calculated in the updrafts are detrained onto the grid, In the present study, a mesoscale model skill to simulate
in which all subsequent cloud and precipitation processes ar80 warm season events, characterized by intense convective
calculated by the grid-scale microphysics, (ii) fields of hy- activity and widespread precipitation, is investigated. These
drometeors calculated by the model are used as input intevents affected the Greek Peninsula during the warm season
the scheme and are modified by the convective processepgeriod of 2005-2007. Since during the warm period of the
(iii) hydrometeors, except for rain, are converted back toyear most part of the precipitation is convective, it was con-
cloud water, (iv) convective downdrafts are turned off and sidered important to focus on the performance of CPS used
(v) the updraft radius is a function of cloud-base vertical mo- by the model in order to improve the QPF. More specifi-
tion. Recently, Correia et al. (2008) has used a modified vercally, the model sensitivity to various modifications of the
sion of KF CPS proposed by Anderson et al. (2007) in orderKF CPS scheme has been explored. These modifications
to examine the sensitivity to the convection time step, theinclude (i) the maximization of the convective scheme pre-
effects of hydrometeors feedback and the importance of theipitation efficiency, (ii) the change of the convective time
vertical heating-cooling profile in cases of propagating con-step, (iii) the forcing of the convective scheme to produce
vection during the occurrence of MCSs. This modification more/less cloud material, (iv) changes to the trigger function
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Fig. 1. (a)MM5 nested model domaingb) Location of the 113 rain gauges (marked by black circles) used in the verification procedure.

and (v) the alteration of the vertical profile of updraft mass running operationally at the National Observatory of Athens
flux detrainment. The results of the performed simulationssince 2000 (Kotroni and Lagouvardos, 2004). Concerning
have been compared with the available raingauge observahe choice of the microphysical and boundary layer schemes,
tions with the aim to statistically evaluate the model perfor- the current operational chain uses the scheme proposed by
mance for each modification. Schultz (1995) and Hong and Pan (1996), respectively. In-
The paper is arranged in the following manner: in Sect. 2deed, in the study by Akylas et al. (2007), the authors
the three-dimensional numerical model is described in briefhave shown that the PBL scheme proposed by Hong and
while the selected modifications to the KF CPS scheme ard®an (1996) produces the most consistent results over Greece.
discussed in Sect. 3. The available data and the verificatiof-or radiation parameterisation, the standard scheme of MM5
methodology are presented in Sect. 4. The results of QPRhat accounts for longwave and shortwave interactions with
verification are presented in Sect. 5 while an example of aexplicit cloud and clear-air was used. Finally, a five-layer
case study is given in Sect. 6. Section 7 is devoted to thesoil model scheme was selected.
summary and discussion of this work. Two one-way nested grids are defined and used in this
study (Fig. 1a). Grid 1 has a 24-km horizontal grid incre-
ment, covering the major part of Europe, the Mediterranean,
and the northern African coast. Grid 2 has a 8-km horizontal

The numerical model used for this study is the MM5 (ver- grid increment, covering the Greek territory and all the Greek

sion 3), a nonhydrostatic primitive equation model using islands. The horizontal extension of the defined operational
terrain-following coordinates (Dudhia, 1993). Several phy- grldsl IS show(;]fm"Hg 1a| Inlthe vert;ca![ ?jlrectt;]otr;] 23 un-
sical parameterization schemes are available in the model fi or /eNy spaced 1ull sigma Ievels are selected wi e spacing
the boundary layer turbulence, the radiative transfer, the mIof levels reduced near the ground surface to better simulate
crophysics, and the cumulus convection. The MM5 model |sthe evolution of the planetary boundary layer.

2 Model setup
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MMS5 is initialized at 00:00 UTC for every nested grid and 3.2 Alteration of the convective time step
the simulation lasts 24 h. The 00:00 UTC Global Forecast (1IMIN, 15MIN)
System (GFS), provided by the National Centers for Envi- _ o ) )
ronmental Prediction (NCEP), gridded analysis fields and 6_The second and third modifications are relatively simple and

h-interval forecasts are used to initialize the model and nudgé:ons'St n th.e alteration of.the_perlod atwhich the model calls
the boundaries of Grid 1 during the simulation period. No the convective parameterization scheme, namely the convec-

preforecast spinup period or assimilation of additional obser{iVe time step. In the original scheme, the convective initia-
vations is used in the operational MMS5 chain. tion is checked every 5 min. In this study two different alter-

In addition to the aforementioned mode chain (CTRL ations have been considered. In the first, the convective time

hereafter), where the modified from Kain KF scheme ver-Step is taken equal to one minute and in the second, equal

sion is used (Kain, 2004), eight additional experiments havet‘? 15 mﬁn. Yang a“‘?' Arritt (20,01) fpund in regional climate
been made for each case study, keeping all other model Se§_|mulat|0ns that adjustments in this parameter could have a

tings the same, except the configuration of KF CPS. As thispronounced impact on precipitation forecast. In their study,
study focusses on the sensitivity of warm season precipitaln® CPS proposed by Grell (1993) and Grell etal. (1994) was

tion forecasting and on the choice of the modification of KF Used- On the contrary, the doubling of that time step had lim-

CPS, twenty days of the warm period of 2005-2007 haveited impact in the s_tudy of SSaIIus and Segal (2001), where
been selected and simulated using the original and the kENe KF and Betts-Miller-Janjic schemes were used.
scheme modifications. Thus, one hundred eighty simulationg 3 Reduce and enhance KF precipitation

have been performed in total. (RATEO1, RATE0001)

o o In the original scheme the calculation of precipitation is
The KF CPS receives the model column values of temper- 1 RATEdZ 1
ature, specific humidity, vertical and horizontal wind speed,‘SQ" =Qv|1-exp w/l @)

and pressure from the host model. In addition, the scheme _ _
returns tendencies applied to the gridpoint values of temperwheres Qy is the condensate removed from the updr@ftis
ature, specific humidity, cloud liquid water, and cloud ice. the condensate, dz the depth of the model layethe mean
The core of the scheme is a Lagrangian model of a oneVertical velocity and RATE is a constant equal to the rate
dimensional entraining-detraining steady-state plume withat which cloud droplets are converted to raindrops (Ogura
downdraft to compute convective tendencies such that CAPENd Cho, 1973). In the original scheme, RATE is equal to —
of the model column is reduced by 90%. A complete de-0.01. By changing the RATE to —0.1, the convective scheme
scription of the KF CPS is found in Kain and Fritsch (1993), is forced to produce more rainfall and less cloud material. On
Bechtold et al. (2001) and Kain (2004). The modifications the contrary, by changing the RATE to —0.001, the convec-

that have been used in the present study are described in tfi&/@ parameterization is forced to produce more cloud mate-
following paragraphs. rial. This is useful in cases characterized by long-lived and

organized convective systems.

3.1 Maximizing Precipitation Efficiency (PEF09) _ )
4 Changes to the trigger function

The first modification to the KF CPS is to maximize the pre-  (EASYTRIGL, EASYTRIG2)
cipitation efficiency (PE), which is simply the ratio of the - . L
water mass reaching the ground as precipitation to the wal—n_ the 0(;|g|rr1]al KtE CtPS thef cor;yectlve %a;amet;rlzatmn IS
ter vapor mass entering the cloud. In the original schemey '99€r€d When he trigger func I0NLcL +8Tvv — Teny >

the PE is expressed as a function of (i) the vertical sheap 1S safisfied, wherdicL is the temperature at the Lift-

of the horizontal wind evaluated over the cloud depth and'"Y Condensation Levelfeny the environmental tempera-
(ii) the height of cloud base (Fritch and Chappell, 1980; Kain 1€ andéZvy the temperature perturbation. This temper-
and Fritch, 1990) and is restricted to value$ 8 PE<0.9. ature pertur_batlon_ is used t.o eliminate most parcels from
To maximize rainfall from the convective schgme,_the PE isf“”hef consideration by t_estmg weather Fhe temperature of
taken equal to 0.9 whatever the wind conditions and cloudthe mlxgd parcels at their LCL plusTyv is gregter than
base height. This modification forces 90% of the water va-iNe environmental temperaturdghy) at the mixed par-
por influx at low levels to fall as precipitation, thereby min- gel LCL height €icL). -|]—-|/’13US, this tgmperature is de-
imizing the amount of liquid water available to drive evap- fined assTyy=k[wg—c(z)] "~ wherek is a constant and
oratively cooled convective downdrafts and maximizing the ¢(z) =0.02m s if the mixed parcel LCL height is higher

convective rainfall each time the convective scheme is actithan 2000 ma.g.l. and(z) = 0.02(Z ¢ /2000 if the mixed
vated (Spencer and Stensrud, 1998). parcel LCL is lower than 2000 m a.g.l. In general, the imple-

mentation of the KF CPS during the warm period of the year
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over Greece suffers from small values of Frequency Bias (se&.2 Statistics

Sect. 4.2 for the definition of Frequency Bias), especially for

moderate and large amounts of rain (Mazarakis et al., 2009)For each case the 6-h-accumulated precipitation (frerh2

To alleviate this effect, the coefficient (a) 0OBASYTRIG)L  up tor + 18) were verified against 70-90 rain gauges avail-
and (b) 1.0 EASYTRIGRhas been added to the left-hand able on average per case. This time period was selected
side of the trigger function, forcing the scheme to be trig- because summer thunderstorm activity usually occurs near
gered more easily. Thus the new form of the trigger functionthe time of the maximum surface heating. Indeed, inspec-
is TicL +8Tyw — Tenv + AT > 0, whereAT is equal to 0.5  tion of the cases showed that in all selected cases, the maxi-
or1.0. mum of precipitation was observed during the period 12:00-
18:00 UTC while outside this time interval the observed rain-
fall was quite sparse. Model-simulated precipitation for the
The last modification is the more complex in comparison8-km grid was used. Following the WMO report about the
with those already mentioned modifications. The standardverification of precipitation forecasts (WMO, 2008), a con-
version of KF2 imposes a linear in pressure decrease of uptingency table for the observed and forecasted values was
draft mass flux from its value at the level of equilibrium tem- built, as shown in the following:

perature (LET) to zero at cloud top. In the last modification
two main changes have been made. First, the bottom of the

4.1 An alternative mass flux profile (CJAmod)

2 x 2 Contingency Tablq Event Observed

outflow layer has been changed from the LET to the level Yes No
of minimum gridpointde (Minde) or the melting level (ML), £ E q Yes | A B
whichever is at a lower altitude, and this level is required vent Forecaste No C D

to be above the LCL. Second, the updraft mass flux is as- . . ]

sumed to decrease linearly with the natural logarithm of pres\Where A is the number of stations for which the model fore-
sure rather than with pressure. Thus, these two modification§2Sted precipitation and the observed precipitation equaled
have two main impacts. First, warming is reduced near theP’ exc_eeded a threshold (hits), B is the_n_um_ber of stations
tropopause, because compensating subsidence occurs ovefc4 Which only the model forecasted precipitation equaled or
deeper layer and second, liquid and ice mixing ratios are inexceeded a threshold (false alarm), C is the number of the

creased in the middle portion of the troposphere. Thus, therétations for which only the observed precipitation equaled or
is much more cloud water for the convective parameteriza-£xceeded a threshold (misses) and D is the number of the sta-

tion to feedback to the host model. This modification was tions for which neither the model forecasted precipitation nor
proposed and implemented to the WRF model by Andersorihe observed precipitation equaled or exceeded a threshold

et al. (2007). (correct negatives). The following measures are calculated:
5 Data sets and verification methodology — Frequency Bias, B %%
5.1 Data sets that gives the ratio of the forecast rain frequency to the

observed rain frequency.
The model verification is perfomed for twenty days charac-
terized by intense convective activity and widespread preci- — Probability Of Detection, POD iﬁ_c
pitation that occurred from 15 May to 30 September of the
years from 2005 to 2007. The choice of this period of the
year is based on the fact that it is characterized in general by

which measures the fraction of observed events that
were correctly forecasted.

a weak synoptic-scale forcing, there is little influence from ; _B
weak synop 9 _ > Influel — False Alarm Ratio, FAR %25
midlatitude systems and the convective activity is important _ . _
over central and northern Greece (Flocas, 1993; Trigo et al.,  which gives the fraction of forecast events that were ob-

2002; Kostopoulou and Jones, 2007; Mazarakis et al., 2008).  served to be non-events.
For the statistical evaluation, the precipitation observations - A
from 41 rain gauges operated by the Hellenic National Mete- — Critical Success Index, CSlgare

orological Service (HNMS), 26 rain gauges operated by the 5150 known as the threat score which gives the fraction

National Observatory of Athens, 13 rain gauges operated by of gl events forecasted and/or observed that were cor-
the Ministry of Rural Development, 10 rain gauges operated rectly diagnosed.

by the National Technical University of Athens and 23 rain
gauges provided by the ECMWF MARS data base are used. _ Heidke Skill Score, HSS = A+D-E
. . . J A+B+C+D-E
So the total maximum number of stations is 113 but the num- B (AL (B D+C+§+
ber of stations used for each case was case dependent. where E =ABIEEOEOIDELD) \which measures the
increase in proportion correct for the forecast system,
relative to that of random chance.
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In the framework of this study, the aforementioned statisticaITab|e 1. (a) Frequency Bias, (b) CSI, (c) HSS, (d) POD, (e) FAR

scores were calculated for five distinct thresholds of rainfall (f mAE, and (g) ME for the 6-h precipitation forecasts provided

amount: 0.1, 1, 2.5, 5 and 10mm. In addition, the following py the MM5 model by using the original KF scheme and the eight

quantitative measures have been calculated: different modifications, averaged for the 20 selected cases. The best
statistical score for every threshold is given in bold.

N
— mean error, ME=- 3" (F; — 0))
i1

(a) Bias 01 1 25 5 10
where F; indicates the forecast value adg indicates KE-CTRL 109 114 097 080 050
the observed value ant¥ is the number of observ- PEFQ9 1.09 1.13 098 0.79 059
ing stations. The mean error measures the average RATEO1 1.05 1.12 1.08 0.95 0.70
difference between the forecast and the observed val- RATEO001 1.14 092 063 043 042
ues, and EASYTRIG1 1.21 121 1.04 0.85 0.61
N EASYTRIG2 122 122 105 0.86 0.55
- mean absout etor MAER 3 10 N b 0% om o
i=1 CJAmod 1.36 1.12 0.78 0.48 0.39
which measures the average magnitude of the error.
(b) CSI 01 1 25 5 10
ME and MAE were calculated for five ranges: 0.1—2_.5, 2.5— KE-CTRL 061 057 052 039 021
5, 5-10, 10-20, and 20mm. All of the aforementioned PEF09 063 059 049 035 0.24
skill scores were averaged for all cases and the results are RATEO1 061 059 054 041 022
discussed in the following section. RATE0001 0.69 054 034 022 017

EASYTRIG1 0.63 0.58 051 036 0.20
EASYTRIG2 0.62 057 050 0.36 0.20

6 \Verification results 1MIN 0.63 059 051 0.38 0.25
15MIN 064 060 051 0.39 0.24
Table 1a shows the Frequency Bias (B) scores for the fore- CJAmod 0.61 059 044 028 0.15

casts implementing the original KF scheme and the eight dif-
ferent modifications as a function of the selected precipita-

tion threshold. In general, irrespective of the modification, _ _ _
the model presents a tendency to Overpredict the ||ght preRATEOOOl gives the best results for the rain/no-rain thresh-

cipitation (< 1.0mm) and to underpredict the medium and old (0.71) while RATEOL1 is clearly better than the other mod-
heavy precipitation 5.0 mm). However, when the model ification for the thresholds of 2.5 mm and> 5.0 mm with
is forced to produce more precipitation and less cloud matesScores 0.62 and 0.52, respectively. Similar to CSl, for the
rial, i.e. setting the RATE equal to —0.1, the B presents a cleaf€avy precipitation: 10 mm), the reduction of the time step
improvement, especially for the threshold of 5.0 mm with a from 5min to 1 min noticeably improves the forecast.
score of 0.95. As far as the probability of detection (POD) is concerned
The positive effect of this modification is obvious, not only (Table 1d), CJAmod gives the best results for rain/no-rain
for the B but also for the CSI score (Table 1b), for medium threshold while RATEO1 gives the best results for medium
(> 2.5mm) and heavy= 5.0 mm) precipitation. The imple- and heavy precipitation. Especially for the2.5mm and
mentation of the RATEO1 modification gives 0.54 and 0.41 > 5.0 mm, there is a clear predominance of the RATEO1 with
for the threshold of>- 2.5mm and> 5.0 mm respectively POD equal to 0.72 and 0.57, respectively. The results for
compared to — and — respectively for the CTRL. The increaséhe threshold of 10 mm are identical between RATEO1 and
of cloud material, by setting the parameter RATE equal to -PEF09, while the modification EASYTRIG1 gives slightly
0.001, seems to have a positive effect for rain/no-rain threshbetter results for the threshold of 1.0mm. Concerning the
old (< 0.1 mm), resulting in the best score (0.69) among all false alarm ratio (FAR) shown in Table le, RATE0001
modifications and the CTRL run. On the other hand, thisshows better skill than the other modifications for rain/no-
modification gives poor results for the other thresholds, esperain threshold as FAR is closer to 0 (perfect score). The al-
cially for medium and heavy precipitation. Although for the teration of the convective time step seems to have a positive
1.0 mm threshold, the differences between the various modiéffect for medium and heavy precipitation because 1MIN and
fications are indiscernible, the increase of the convective timelSMIN are closer to 0.
step to 15min gives slightly better results (0.60), from the The aforementioned scores only give a measure of the
others. On the contrary, for heavy precipitation X0 mm), model accuracy based on the frequency of precipitation oc-
the decrease of this time step to 1 min has a positive effecturrence at or above a threshold and do not account for the
to CSI (0.25). In comparison with the aforementioned CSImagnitude of precipitation errors. Investigation of the quan-
skill scores, HSS follows the same pattern (Table 1c). Thustitative bias of forecast precipitation is performed through

Nat. Hazards Earth Syst. Sci., 11, 132339 2011 www.nat-hazards-earth-syst-sci.net/11/1327/2011/



N. Mazarakis et al.: Precipitation forecast sensitivity to modifications of Kain-Fritsch scheme 1333

inspection of the Mean Absolute Error (MAE) (Table 1f) and

Table 1. Continued. Mean Error (ME) (Table 1g). All eight modifications and the
control run underpredict the amounts of rain for all ranges
(c) HSS 0.1 1 2.5 5 10 (negative ME) with the exception of the first range of 0.1—
KE-CTRL 0.64 063 060 050 0.28 2.5mm. Between the modifications, RATEOL is character-
PEF09 066 065 0.58 045 0.31 ized by the lowest values for the absolute error except for the
RATEO1 064 065 062 052 0.30 range of 2.5-5.0 mm.
RATEO0001 071 061 042 0.30 0.24 Table 2 shows for every threshold and measure those mod-
EASYTRIG1 064 065 059 047 027 ifications that have given better scores than the original KF
EASYTRIG2 064 063 058 046  0.28 scheme. In every cell of the table the modifications are
IMIN 0.65 065 059 043 033 sorted from better to worse but always better than the CTRL.
g%m} d 066662 8'22 8'22 8'2% 8'2i Ar_nong thg various modificatio_n_s, it. is obvious that_for the
: ' ' ' ' rain/no-rain threshold, the modification RATEO001 gives the
(d) POD 0.1 1 25 5 10 best scores for the measures CSI, HSS and FAR. The modifi-
KE-CTRL 0.78 077 065 050 0.26 cati(_)n 15MIN predominates for the thresht_)lql of 1 mm while
PEF09 0.80 077 064 045 029 forcing the model to produce more precipitation and less
RATEO1 0.77 0.78 0.72 057 0.29 cloud material by setting the parameter RATE equal to —
RATE0001 0.86 0.65 041 0.26 0.20 0.1, has a noticeably positive impact to the model’s skill to
EASYTRIGL 0.84 080 0.67 0.49 0.25 produce medium and large amounts of precipitation (2.5 and
EASYTRIG2  0.84 079 067 048 0.25 5mm). For very large amounts of rais (L0 mm), the modi-
1MIN 083 078 066 048 0.29 fications 1IMIN and RATEO1 give the best scores. More par-
15MIN 079 077 068 050 027 ticularly, IMIN outperforms the other modifications for the
CJAmod 088 076 054 033 018 measures CSI, HSS, and FAR while RATEO1 outperforms
(e) FAR 0.1 1 25 5 10 the other modifications for the measures B and POD. Over-
KE-CTRL 0.26 029 029 030 0.43 all, from Table 2.|t is obvious that.the RATEO1 modification
PEF09 024 026 031 036 0.42 presents a con5|st_ent_ly b_etter_ skill than _the other ones. An-
RATEOL 0.25 026 030 033 0.42 other remarkable f|r_1d|ng in thl$ table, with the exception of
RATE0001 022 025 034 037 037 the 2.5 and 5mm, is the relatively low performance of the
EASYTRIGLI 029 029 031 037 040 CTRL run.
EASYTRIG2  0.29 030 0.33 0.40 0.40 Generally, for all selected cases the maximum precipita-
IMIN 0.28 0.28 030 030 0.29 tion was observed between 12:00 and 18:00UTC (15:00-
15MIN 022 025 030 028 031 21:00LT) and during the next 6-h period the precipitation
CJAmod 0.33 027 026 0.29 0.44 was continuously decaying. Thus, forcing the model to pro-
(f) MAE 01-25 255 5-10 10-20 = 20 duce more rainfall and less cloud material had a positive im-
pact during the period of the verification procedure. On the
g;%gm 11-3593 11f92 33‘-1%9 88é,4é4 239é23 other hand, in two cases (not shown here) where important
RATEOL 146 192 308 761 2008 precipitation amounts were observed close to midnight, the

RATE0001L 105 219 477 080 3448 RATEO0001 and CJAmod gave slightly better results in com-
EASYTRIGL  1.39 157 314 825  30.42 parison with the RATEOQL. This is common for cases char-
EASYTRIG2  1.35 152 317 839 3088 acterized by long-lived and organized convective systems

1MIN 1.45 151 336 856 3051 where convective parameterization produces most of the rain
15MIN 1.30 168 3.03 843 30.39 without permitting more feedback cloud material for propa-
CJAmod 1.23 200 451 954 3266 gating convective cases. Hence these two modifications seem

to be more useful for cases where rainfall is continued during

ME 0.1-25 25-5 5-10 10-20 =20 . . .
© ~ the night. Anderson et al. (2007), using the alternative mass
KF-CTRL 080 -126 -282 -7.12 -29.59 flux profile (CJAmod), found a similar improvement during
PEF09 080 -126 -282 -7.12 -29.59 pocturnal mesoscale precipitation events between the origi-
RATEO1 0.82 -0.63 -2.07 -7.22 -29.06 nal and the modified KE CPS.

RATEO0001 052 -134 -442 -935 -34.38
EASYTRIG1 0.91 -1.01 -296 -6.97 -30.05
EASYTRIG2 0.87 -095 -295 -6.88 -30.66

Finally, it would be interesting to investigate the impact of
the aforementioned modifications on other model variables
such as temperature. Trying to answer this question, the ver-

1IMIN 0.86 -1.18 -312 -6.71 -30.09 s
15MIN 072 -1.18 -248 —6.66 -30.39 ification procedure was repeated for the temperature at 2m.
CJAmod 084 -118 -3.33 -881 -32.66 [TIhis analysis showed that the verification scores of temper-

ature from the CTRL experiments do not differ from those
of the experiments with modified KF scheme. Namely the
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Table 2. List of modifications (for each threshold and statistical measure) that give better scores that the original KF scheme. The list of
modifications is sorted from the best to the worst. The modification RATEOL is in bold in order to emphasize the fact that it has given good
results for the majority of the thresholds and measures.

0.1 1 2.5 5 10
B 15MIN 15MIN 1IMIN RATEO1 RATEO1
RATEO1 RATEO0001 PEF09 EASYTRIG2 EASYTRIG1
PEF09 RATEO1 EASYTRIG1 PEF09
CJAmod EASYTRIG2
PEF09
CSl RATEO0001 15MIN RATEO1 1MIN
15MIN PEF09 15MIN
1IMIN RATEO1 PEF09
EASYTRIG1 1MIN RATEO1
PEFO09 CJAmod
EASYTRIG2 EASYTRIG1
HSS RATEO0001 15MIN RATEO1 RATEO1 1MIN
PEF09 CJAmod 15MIN 15MIN
15MIN PEF09 PEF09
1MIN RATEO1 RATEO1
EASYTRIG1
1MIN
POD CJAmod EASYTRIG1 RATEO1 RATEO1 RATEO1
RATEO001 EASYTRIG2 15MIN PEF09
EASYTRIG2 1MIN EASYTRIG1 1MIN
EASYTRIG1 RATEO1 EASYTRIG2 15MIN
1MIN 1MIN
PEF09
15MIN
FAR RATEO001 RATEO001 CJAmod 15MIN 1MIN
15MIN 15MIN CJAmod 15MIN
PEF09 RATEO1 RATEO0001
RATEO1 PEFO09 EASYTRIG1
CJAmod EASYTRIG2
1MIN RATEO1
PEF09

MAE (averaged over all stations at 12:00 and 18:00 UTC andnetwork (Kotroni and Lagouvardos, 2008; Lagouvardos et
for all cases) ranged from 1 to 1.03, while the ME rangedal., 2009), showing intense lightning activity over the cen-

from —-0.52 to —0.27. tral part of Greece, Epirus, Northern lonian Sea, Central
Peloponnissos and part of Macedonia (locations are shown
7 Example of case study in Fig. 1b). Figure 3 depicts the cloud top temperatures at

. . 13:30 UTC along with the lighting activity detected during
A more detailed analysis of the event of 30 August 2009the 15min preceding that time. The stations where the 6-

is presented in the following. Although, one of the twenty h accumulated precipitation exceeded 8mm during the pe-
aforementioned warm events could have been selected, this | "15.00_18:00 UTC. are marked by the yellow stars in
one was selected since during 2009, the raingauge networ e sarﬁe figu.re. Rai'n gauge measurements showed that

density around Greece was developed remarkably, espemal%e major part of the rain was observed between 13:00 and

in mountainous regions. H_enc_e, 132 raingauges were a\/"’1"14:00 UTC (16:00-17:00 LT) near the time of maximum sur-
able for the statistical verification of the specific event. 30

August 2009 was a typical summer day characterized b)}‘ace heating.

widespread convective activity above continental Greece dur- Following the same methodology used in Sect. 5, the sta-
ing noon. Figure 2 depicts the lightning activity during the tistical scores for the same thresholds have been calculated
period 12:00-18:00 UTC as it was recorded from the ZEUSand are presented in Table 3. This table shows for every
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Table 3. This table shows for every threshold and measure which of the selected modifications gives the best or equal score than the original
KF scheme.

0.1 1 2.5 5 10
B RATE0001=1.05 PR EASYTRIG2=0.92 RATE01=0.89 KF-CTRL RATEO01=0.64
Csl RATE0001=0.86 EASYTRIG2, EASYTRIG1=0.71 CTRL=PEFO09 PEF09=0.45
15MIN=0.83 =EASYTRIG1
=1MIN =15MIN
=0.63
HSS RATE0001=0.89 EASYTRIGZ2, EASYTRIG1=0.80 CTRL=PEFO09 PEF09=0.60
15MIN=0.83 =EASYTRIG1
=1MIN=15MIN
=0.74
POD CJA2nd=1 EASYTRIG2, EASYTRIG1, CTRL=PEF09=RATEO1 KF-CTRL PEF09 =0.45
15MIN=0.82 EASYTRIG2=0.77 =EASYTRIG1=EASYTR2
=1MIN =15MIN
=RATEOQO1-PEF09=0.67
FAR CTRL 15MIN CTRL=PEF09 RATE0001=0 RATEO0001 =CJA2nd=0 PEF09 = 15MIN,
=EASYTRIG1 IMIN,
=EASYTRIG2 CJA2nd=0
=15MIN=0.07

FLIY

Cloud Top Temperature & 15m|n ZEUS qujhtmng Data (grey dots)
Date : 30-08-2008 at 1
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Fig. 2. Lighting activity over Greece during the period 12:00-
18:00 UTC 30 August 2009 as detected by the ZEUS network.  Fig. 3. The cloud top temperature at 13:30 UTC, 30 August 2009,
overlaid with the lightning activity (blue dots) during the preceed-

ing 15min. The stations where the 6-h accumulated precipitation

. exceeded 8 mm during the period 12:00-18:00 UTC are marked by
threshold and measurement which of the selected modifi: the yellow stars.

cations gives better or equal scores than the original KF

scheme. Between the various modifications, one more has

been added, which is the combination of the RATEO1 andas for the rain/no rain threshold, the RATEOOO1 gives the
PEF09 (RP), which showed the best performance accordingpest score (1.05) while for the medium precipitation (1 and
to the analysis of Sect. 5. The main characteristic of thes&.5 mm), the PR gives the best results (1 and 0.92, respec-
two modifications is the fact that they force the scheme totively). For the heavy precipitation, there is a clear predom-
produce more precipitation than the original scheme and as aance of the RATEO1 (0.89 for the 5 mm and 0.64 for the
result, this combination may alleviate the model's tendencyl10 mm, respectively), while the original scheme has the same
to underpredict precipitation during the warm season’s con-score for the threshold of 10 mm. As far as the CSlI, for the
vective events. Hence, as far as Frequency Bias is concernadin/no-rain threhold the modification RATE0001 continues
there is great variability between the various thresholds:to have the best performance while EASYTRIG2 and 15MIN

www.nat-hazards-earth-syst-sci.net/11/1327/2011/ Nat. Hazards Earth Syst. Sci., 1138327611



1336 N. Mazarakis et al.: Precipitation forecast sensitivity to modifications of Kain-Fritsch scheme

nit: 00 UTC Sun 30 Aug 09 Init: 00 UTC Sun 30 Aug 09 Init; 00 UTC Sun 30 Aug 09
Fest: 18 h v id: 18 UTC Sun 30 Aug B (21 LDT Sun 30 Aug 09) Fest: 18 h v id: 18 UTC Sun 30 Aug 09 (21 LDT Sun 80 Aug 09) Fest: 18 h v lid: 16 UTC Sun 30 Aug 09 (21 LDT Sun 30 Aug 09)
Totel precip. in Total precip. Total precip.

W 2o, N S

\;0 @éw - é&% \é ~ \’Lﬁ% \\éw ~

DA\ QA \ %{/
\ Qo
@ \ S —
T o g
@ x@
~K A
g@ Q& 0
N ~ S
o o o
KF CTRL (a) PEF09 (b) RATEO01 ©
T T T T T T L T T T L T T T T T T T
1 5 i s o e o T T i % o = . T ; i i i % .
Mode! nto: V63 R PBL  Sehultz 8 %m, 23 levels, B oeo Motel it V303 [RRr— Bk, 23 1els, 5 e Vodel nfo. V363 VR PBL  Schulte 6 km. 20 levele, 0 seo
Init: 00 UTC Sun 30 Aug 09 Init: 00 UTC Sun 30 Aug 09 Init: 00 UTC Sun 30 Aug 09
Fest: 18 h V ld 18 UTC Sun 30 Aug 09 (21 LDT Sun 30 Aug 09) Fest: 18 h V ld 18 UTC Sun 30 Aug 09 (21 LDT Sun 30 Aug 09) Fest: 18 h V ].\d 18 UTC Sun 30 Aug 09 (21 LDT Sun 30 Aug 09)
Total precip. Total precip. Total precip.
(@ (=) ( (&)
M~ \f\\/Q» ON\©O \ﬂ\/(/r

19 o W 2 [ ke
b A R, &
Q%i SN \ggg
N
% o &

RATE0001 [C)) EASYTRIG1 (e EASYTRIG2 ®

T
T 21 21,
Model into: V3.6.3 MRF PBL  Schultz 8km, 23levels, B sec Model info: V3.6.3 MRF PBL  Schultz 8m, 23 levels, B sec Model into: V3.6.3 MRF PBL  Schultz 8km, 23 levels, B sec

Fig. 4. 6-h accumulated precipitation frora-12 up tor 4+ 18 during the period 12:00-18:00 UTC 30 August 2009 from the MM5 simulation
using the(a) unmodified version of KF schemé)) PEF09,(c) RATEO1, (d) RATE0001,(e) EASYTRIGL, (f) EASYTRIG2, (g) 1MIN,
(h) 15MIN, (i) CJAmod andj) PR modification.

give the best score for the 1 mm (0.83) and EASYTRIG1 18:00 UTC. In general irrespective of the choice of modifica-
gives the best score for the 2.5mm (0.71). For the 5 mmtion, the forecasted precipitation is in close agreement with
the differences between the modifications are indiscerniblehe observed lightning activity presented in Fig. 2. How-
while PEFQ9 gives the best score (0.45) for the large amountgver the model fails to simulate the high amount of rain-
of precipitation. The results are similar for HSS also. In ad-fall (33.2 mm) that occurred on the Island of Corfu in the
dition, the implementation of CJAmod presents the best PODNorth lonian Sea (see Fig. 1b). On the other hand, it is
for the rain/no-rain threshold, but this value is combined with obvious that in comparison with CTRL, the modifications
very large values for the B (1.42, not shown in this table). OnRATEO1, 15MIN, CJAmod and PR increase the maximum
the other hand, the predominance of the EASYTRIG1 andvalues of precipitation by 5-10 mm. Moreover, the mod-
EASYTRIG2 modifications remains for the next two thresh- ifications RATEOL, 15MIN and PR succeed in simulating
olds. For heavy precipitation-(10 mm), the original and the the observed precipitation in the eastern continental Greece
PEFQ09 performs better (0.45) than the other modifications(see the black arrows in the Fig. 4c, h, and j) where signifi-
The FAR is equal to zero for the threshold of 2.5 mm when cant lightning activity was detected.
RATEO0001 is implemented, for the threshold of 5mm when  As it was also mentioned in Sect. 5, the RATEO1 had the
RATE0001 and CJAmod are implemented. For the largepest performance for the mean error (ME). Table 4 shows
amount of rain four modifications gives a zero false alarmthe observed accumulated precipitation between 12:00—
ratio. 18:00 UTC (2nd column), the forecasted precipitation for the
The panel in Fig. 4 shows the 6-h accumulated precipi-same period using the original KF scheme (3rd column), the
tation fromz + 12 up tor + 18 during the period 12:00— forecasted precipitation using the modification RATEO1 (4th
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Fig. 4. Continued.

column) and PR (5th column) for 11 selected stations. Withit is consistently equal to 0.9, which is the maximum value.
the exception of Corfu’s station where the model was unabl€(ii) The change of the convective time step to 1 (1MIN)
to simulate the observed precipitation, in the other stationsand to 15 (15MIN) minutes respectively. In this modifica-
the use of the modifications seems to have a positive effect otion, the period at which the model calls the convective pa-
the values of quantitative precipitation. For example, the ob-rameterization scheme has been changed from 5min to 1
served accumulated precipitation in the station of Foloi wasand 15 min, respectively. (iii) The forcing of the convec-
22.2 mm. The use of the original scheme gives only 10.4 mmtive scheme to produce more/less cloud material (RATEO1
while the modification RATEO1 and PR give 18.6 and 19.0,and RATEO001). In this modification the model sensitivity
respectively. With the exception of the Agrinio and Arta sta- to the production of more or less rainfall and cloud material
tions, where the original scheme gives slightly better resultsjs checked. Hence, two different values (0.1 and —0.001) are
there is a clear improvement using the two modifications. used in the equation which is used to the calculation of preci-
pitation. (iv) Changes to the trigger function (EASYTRIG1
, . and EASYTRIG2). In this modification, two different coef-
8 Summary and discussion ficients (0.5 and 1.0) have been added to the equation that
describe the main criterion which the scheme activation is
based upon, and (v) the alteration of the vertical profile of
updraft mass flux detrainment (CJAmod). In this modifica-
thon the updraft mass flux is reduced linearly from Level of
Free Sink instead of the Equilibrium Level, to the Cloud Top.

In the frame of this work, the sensitivity of MM5 model fore-

casts of warm season precipitation to the various modifica-
tions of the KF CPS for 20 selected cases over Greece is e
amined. The modifications include: (i) the maximization of
the convective scheme precipitation efficiency (PEF09). In
this maodification, the variability of PE has been removed and
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Table 4. Observed accumulated precipitation between 12:00 and 20
18:00UTC, 30 August 2009 (2nd column), forecasted precipi-
tation for the same period using the original KF scheme (3rd 15
column), forecasted precipitation using the modification RATEQO1
(4th column) and the PR (5th column) for 11 selected stations.

Station Precipitation KF-CTRL RATEO1 RATEO1l ]
between 12:00 PEF09
and 18:00UTC
Agrinio 14.0 11.1 9.9 0.4 ‘
Ata 9.2 8.4 8.3 7.8 Y, T By T S, S Tug %
- 0. 9 2}
Derviziana loan. 12.0 10.5 117 11.9 7 Y% P B T
Foloi 222 10.4 186 19.0 ’ ©
Corfu 33.2 0.0 0.0 0.0 ) . .
Koniskos 16.2 15.1 15.2 15.4 Fig. 5. Synopsis of all case studies: numbers on top of each column
Megalopoli 9.8 2.8 4.6 4.6 show how many times each modification gives better results than the
Vegoritida 13.8 6.3 6.7 6.9 original KF scheme, irrespectively of the threshold and statistical
Veroia 13.2 1.8 2.4 2.1 measure.
Miliana Arta 19.5 5.6 8.9 9.2
Pistiana Arta 34.9 129 16.6 18.8

found that the investigated modifications do not have any sta-
tistically significant impact on other parameters, such as tem-
] ] ) ) perature.

One hundred eighty simulations were carried out on two'  ginajly it would be very interesting to study also the in-
nested domains, with horizontal grid increments of 24 andie 4 tion of the convective parameterization scheme with the
8km, respectively. The verification dataset consists Ofgypicit microphysics. This would be possible if this study
ground precipitation measurements from 113 rain gaugeSyere expanded for cold period cases for which stratiform and
For verification purposes, the measured and predicted presqnective precipitation are both important.
cipitation amounts within a given 6-h forecast period-(L2
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