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Comparison of NCEP Stage IV precipitation composites witVB\VF model SECMWF

Abstract

A systematic comparison of ECMWF precipitation short-arfigrecasts with NCEP Stage IV rainfall

(NEXRAD) composites over the U.S.A. was performed over thdga January 2002 to June 2014.
Statistics show that the match between the model and NEXRBd2mwations has been regularly im-
proving over the years, particularly in terms of mean biades also correlations and threat scores.
Correlations exhibit a strong seasonal cycle with maximaues in winter and minimum values in

summer, in all regions but the West Coast. Besides, pratiit tends to be slightly over-predicted

all day long during the cold season. Conversely, the warmase& characterized by a strong under-
prediction in the first half of the night and a strong overastion in the morning, except over the West
Coast. A spin-down of precipitation during the first 12 hoofshe forecast could be identified over the
southern states in the summer. However, this spin-down doeshange the sign of the precipitation
mean biases between model and NEXRAD when comparing faseststed at 0000 and 1200 UTC.
Lastly, it was confirmed that the recent changes appliedegatimvective parametrization of the model
(cycle 40r1) helped to reduce the long-standing large phdsance in the diurnal cycle of the model’s
summer precipitation over most regions.

1 Introduction

Over the past decades, several networks of ground-basadsrpbviding precipitation estimates have
been deployed over several continents, with typically leetww 160 and 200 radar sites each. The
NEXRAD network has been operational over the U.S.A. sineertid-1990s (NEXRAD; Fulton et
al.1998). More recently, radar data from individual Europeaumtries have been merged on a continental-
scale into the EUMETNET/OPERA network (Huuskoretral. 2014). China has also installed its own
large-scale network of weather radars (Bai 2013), whileolbss dense or less extended networks also
exist in Australia and Japan, for instance.

In the U.S.A., NCEP has been producing 2D precipitation ausitps, the so-called NCEP Stage IV
dataset, based on NEXRAD radar observations and rain gaegsurements, over the past 15 years
(Lin and Mitchell 2005). A significant advantage of the NEXBAetwork compared to its European
equivalent (OPERA) lies in its greater homogeneity in teofriastrument characteristics (e.g. frequency,
brand). This advantage made it possible to begin the asgiamlof NCEP Stage IV 2D precipitation
composites in ECMWF’s operational 4D-Var system on 15 Ndwen2011 (Lopez 2011). This latter
study showed that the assimilation of these data could befioél to atmospheric analyses but also
medium-range forecasts, and not only in terms of precipitafThe high spatial resolution and coverage
of precipitation radar composites mean that they can alseebg useful for validating precipitation
forecasts obtained from numerical weather prediction (N'YW&dels. Their availability at high temporal
frequency (hourly or shorter) also permits the assessnfaheaealism of the simulated diurnal cycle
of precipitation, which has been one the major challengeNWP so far, particularly in convective
situations (Bechtold et al. 2014).

The present study therefore proposes a validation of ECMV@perational short-range precipitation
forecasts against NCEP Stage IV composites over the pe@iogd-2014. Statistics have been computed
on both hourly and 6-hourly precipitation accumulationsirty the first day of the forecasts. It should
be noted that the focus was deliberately put on the first 24shaofithe forecast to assess potential issues

1see list of acronyms in Appendix 1
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of precipitation spin-up or spin-down and because the pediace of the model at very short range has
direct implications for the performance of 4D-Var predgibn data assimilation.

The NCEP Stage IV and ECMWF model datasets used in this stedyescribed in sectioh Section3
provides a brief reminder of the precipitation climatologyer the U.S.A.. Results of the comparison
of radar composites with ECMWF model short-range forecastspresented in sectigh Section5
summarizes the main findings of this study.

2 Datasets

2.1 Radar and gauge precipitation composites

The NCEP Stage IV precipitation observations used in thiskvase the result of the compositing
of precipitation estimates from about 150 Doppler NEXtgmtion RADars (NEXRAD) and about
5,500 hourly rain-gauge measurements over the contermib@A (Baldwin and Mitchell 1996; Lin
and Mitchell 2005). Technically speaking, NEXRAD corresgs to the so-called WSR-88D (Weather
Surveillance Radar 1988 Doppler; Fultenal. 1998). Each NCEP Stage IV precipitation analysis is
initiated 35 min after the end of each hourly collection pdrand may be updated over a period of
several hours with new data coming from the twelve USA regli@entres. A first inflow of automat-
ically generated precipitation data is available withirea fhours after the accumulation time, while a
second inflow of updated manually-quality-controlled da¢gomes available later (with a delay of up
to 12 hours). In this work, the composites were obtained filterNCAR/UCAR/EOL archive (website:
http://data.eol.ucar.edu/cgi-bin/codiac/fdorm/id=21.093.

The original precipitation composites are available onkapolar-stereographic grid, but for the pur-
pose of comparison to the model, these were averaged ontedheed Gaussian grid used at ECMWF
(see sectior2.2). The original NCEP Stage IV hourly precipitation accuntioias were used to study
the diurnal cycle of precipitation for recent years. Howetee main focus will be laid on statistics of
6-hourly accumulations since hourly model outputs onlyanee available in December 2011. Another
justification is that six hours corresponds to the accuriangteriod used in the assimilation of ground-
based precipitation data at ECMWF. In this respect, oneldhroantion that after November 2011, NCEP
Stage IV composites cannot be regarded as truly indepeddémfor validating the model’s short-range
forecasts, since these observations started to be agshilfECMWF’s 4D-Var system (Lopez 2011).
In other words, from November 2011 onwards, the statistiesgmted here provide a validation of the
forecast model and the precipitation data assimilatiorcguiare altogether. For simplicity, the NCEP
Stage |V observations will be referred to as "NEXRAD” in thesst of this document.

2.2 ECMWEF forecasts

The model data consists of short-range precipitation fstscproduced by ECMWF's operational Inte-
grated Forecasting System (IFS; e.g. B¢al. 2011 and ECMWF 2013). Forecasts initiated at both
0000 UTC and 1200 UTC were used in order to identify the sigitgibf the statistics to the starting time
of the forecast. Hourly forecast ranges between 1 and 24veerre considered to study the diurnal cycle
of precipitation since December 2011, while forecast rargjes, 12, 18 and 24 hours were retrieved to
study 6-hourly accumulations over the 2002-2014 periode Adrizontal resolution of the operational
model was upgraded from 40 km to 25 km in February 2006 and &®ikm to 16 km in February 2010.
All statistics presented here were computed at the apmteprnodel resolution. Besides, one should
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note that the number of vertical levels used in the forecastputations was increased from 91 to 137
levels on 25 June 2013, although this should not directigcaffhe comparison performed here.

3 Climatological background

For reference, the seasonal mean precipitation distobutiver the U.S.A. was computed over the
period December 2001 to May 2014 from PRISM data (Di Lugtoal. 2008) and is depicted in
Fig. 1. The original PRISM data consists of monthly precipitatdohm gridded data generated from
about 7,000 rain-gauges over mainland USA by the PRISM Géingroup (Oregon State University,
http://www.prism.oregonstate.edu). Note that the PRIS¥advere averaged to the ECMWF model’'s
most recent resolution (16 km) prior to plotting.

Figurel evidences the sharp contrast between the dry conditiorswanévail over the Rocky Mountains
throughout the year (seasonal total usually below 150 mrd)the wet regime that characterizes the
Southern Great Plains and the East Coast in all season®ifs¢#stal above 250 mm). From April to
September, most of the precipitation over the two latteioregcomes from intense convection. A north-
south gradient is observed over the Rocky Mountains withi-seiti conditions in the south (often below
100 mm in each season) and locally much heavier precipitassociated with the highest orography in
the north of the region. Over the Northern Great Plains, eviistusually on the dry side (below 150 mm)
due to anticyclonic conditions, while spring and above athmer receive large amounts of rainfall
(seasonal total between 150 and 400 mm), mainly from meosoavective systems. The extreme
southeast of the U.S.A. (Florida) experiences relatively abnditions in winter (around 150 mm) but
becomes extremely wet during the summer (in excess of 500, memjaining rather wet during the
autumn (around 300 mm), with the occasional passage ofcames. The West Coast north of°8Bis
very wet in all seasons (totals over 400 mm), except in thensaim{below 200 mm), while its southern
part is usually much drier, except for relatively wet wirstatong the Californian coast.

4 Results

Monthly statistics of ECMWF precipitation forecasts agaiNEXRAD composites were computed in
terms of mean differences, correlations and threat scoreistbe period January 2002 to June 2014.
Statistics, which include land points only, will be showm é&ach sub-domain displayed in FR). West
Coast, Rocky Mountains, Northern Great Plains (NGP), Swatfereat Plains (SGP) and Eastern U.S.A.
(East), as well as for the conterminous U.S.A. as a whole.

One should also stress the fact that the results presentedMiefocus on model forecasts initiated at
0000 UTC only, since statistics based on forecasts statt#?0® UTC led to very similar conclusions.
The only difference between the two sets of forecasts willddressed in sectiohb.

41 Timeseries

Figure3 displays the time series of monthly normalized mean bied B) and mean correlation between
NEXRAD and ECMWF model for the entire U.S.A. mainland as veallfor each sub-domain of Fig.
(see curve legend)NMB for a given month is defined as the mean NEXRABCMWF bias divided
by the mean of the two datasets (to ensure a symmetrical tigati@n). With this definition,NMB
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Figure 1: Seasonal mean precipitation amounts (in mm) okier W.S.A., as computed from PRISM
gridded rain gauge data over the period December 2001-Mdwy26r (a) winter, (b) spring, (¢) summer
and (d) autumn.
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Figure 2: Geographical sub-domains for statistical congtitns: West Coast, Rocky Mountains, North-
ern Great Plains (NGP), Southern Great Plains (SGP) and &ast).S.A. (East).

varies between-2 and +2 and is unitless. A value of +1 (respl) would be obtained when the mean
precipitation in NEXRAD is three times as high (resp. as las/)n the model. The twelve-month running
mean (thick line) is superimposed onto the monthly curvim (ihe) to filter out seasonal fluctuations.
Here, statistics are based on 6-hourly precipitation actations without any stratification according to
the time of the day. Such stratification will be consideradrlan sectiord.3.

4.1.1 Twelve-month running means

Focusing first on the 12-month running means (thick linefy, & shows that for all sub-domains the
meanNMB values (odd rows) have been steadily increasing towarasthesughout the whole period,
which indicates that NEXRAD and ECMWF model precipitatioavl gradually converged over the
years, on average. The predominance of negative valudd/ds for all sub-domains suggests that the
model systematically overestimates precipitation comgao NEXRAD. The strongest improvements
in NMB are found over the Rocky Mountains (Figi; from —0.8 to 0.0) and the NGP area (F@§c;
from —0.5 to 0.05). The West Coast region (F&k) exhibits the lowest rate of improvementNiMB.
Panels on even rows in Fig exhibit a simultaneous regular improvement in the 12-moumitiming mean
correlation between NEXRAD and ECMWF forecasts, but at aeseinat more gentle pace than for
NMB. Itis very likely that all this amelioration can be explaihky the successive beneficial upgrades
made to the ECMWF forecasting system, in particular in ptalgparametrizations as well as in data as-
similation. However, a contribution from a possible impeoment in the quality of NEXRAD composites
themselves should not be excluded, particularly in eaykers.

4.1.2 Monthly time series

Focusing now on the unsmoothed curves (thinner lines) on s in Fig.3, one cannot fail to notice
the well-defined seasonal cycle in the correlation, whiatillases between a minimum in mid-summer
(between 0.20 and 0.35) and a maximum in mid-winter (skghtiove 0.60) for all domains but the
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Figure 3: (Continued on next page.)
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Figure 3: (Continued from previous page) Time series of migmormalized mean bias (NMB; odd
rows) and mean correlation (even rows) between NEXRAD csitggoand ECMWF 6-hourly forecasts
(first forecast day) for the entire U.S.A. and for each of thb-domains defined in Fi@ (see curve
legend). The period for the statistics is January 2002 tceJRB14. Statistics shown along the y-axis
are all unitless. A positive value of NMB corresponds to adawastimation of precipitation in the
model compared to NEXRAD. The twelve-month running me#k @olid line) is superimposed onto

the monthly curve (thin solid line).
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West Coast. The difficulties of the model to simulate the igeeéocation and intensity of convective
precipitation events can explain the low correlations miyithe warm season. In contrast, the model is
usually much better at forecasting large-scale stratifpretipitation systems, hence the higher corre-
lation values in the wintertime. The predominance of nonvegtive precipitation throughout the year
might also account for the steadily higher correlationsjad 0.6) found over the West Coast (F3g).

As far asNMB s concerned (odd rows in Fig), there is less hint of a well-established seasonal cycle
than for correlation, except for sub-domains NGP (panehd)Rocky Mountains (panel i). Over these
two regions, a clear sudden increas®l®i B (towards an underestimation in the model after 2005) occurs
in mid-summer and a decrease (strong overestimation in taehin winter.

4.2 Threat scores

To complement previous statistics, Equitable Threat S¢areS see Appendix 2) values are briefly
presented hereET Sprovides a measure of how well ECMWEF forecasts match NEXRABeova-
tions for precipitation amounts above a specified thresHeldScan theoretically range from% (very
poor match) to 1.0 (perfect match), but a zero value woulelsaly suggest that the model has no skill.
Figure 4.a displays the 12-year time series®T Sover the U.S.A. and for a minimum threshold of
3 mm day?! (i.e. moderate precipitation). This figure clearly illatrs the regular improvement in
model’s skill from 0.3 to 0.4 in terms of the 12-month runnimgan (thick line). The monthly curve
for ET S(thin line) exhibits the same seasonality as the corralatiarve shown in Fig3.b. Similar
conclusions could be drawn for other values of the minimuecipitation threshold ranging from 0 to
50 mm day? (not shown). For information, Fighb shows that the monthly sample size used in the
ET Scomputations roughly increased from 600,000 to 4,500,@00t® as a result of the jumps in the
operational model’s horizontal resolution in early 2006 2010 (see sectia 2). It is worth noting that

a study of other scores such as False Alarm Rate and PrdapalfilDetection revealed the same kind of
regular improvement as seentT S(not shown).

4.3 6-hourly precipitation statistics

It was also deemed interesting to compute mean monthlysstatistratified according to the four 6-
hourly accumulation time slots of the first day of the forécakhis can be seen as a poor man’s way
of assessing the diurnal cycle of precipitation and is figstiby the unavailability of hourly data from
the model for most of the 12-year period. Note however thateebinsight into the diurnal cycle using
recent hourly model data will be given in sectiér.

Figure5 displays monthlyNMB and correlation values averaged between January 2002 aprd2004
and for each sub-domain. The four curves in each panel gamesto accumulation periods 0-6, 6-12,
12-18 and 18-24 hours of the forecast (started at 0000 UTKizhain local time roughly corresponds to
the first half of the night (blue), the second half of the nifgreen), the morning (red) and the afternoon
(yellow), respectively.

First focusing orNMB on the odd-row panels of Fi§, one can see that overall the model slightly over-
estimates precipitation with respect to NEXRAD observaithroughout the day during the cold season
(from October to March). This excess in model precipitatigrstrongest over the Rocky Mountains
(NMB~= 40% on panel i) and weakest over the East, SGP and West Cgasigsf\ MB~ 10%; panels

e, g and k, respectively). Conversely, during the warm seé&pril/May to September), the model tends
to strongly underestimate rainfall amounts during the figdf of the night (blue line) over all regions,
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Figure 4: Monthly time series of (a) NEXRAD-ECMWF model Eaple Threat Score (ETS) and (b)

corresponding sample population over the U.S.A. for théopelanuary 2002-June 2014. ETS is shown

for a minimum precipitation threshold set to 3 mm day The higher the ETS values are, the more

skillful the model at predicting precipitation above theesflied threshold. The twelve-month running
mean (thick solid line) is superimposed onto the monthlyethin solid line).

except the West Coast (panel k). By mid-summer, this defegkp between 40% and 60% over NGP,
SGP and the Rocky Mountains, but only 15% over the East re@wnthe other hand, morning precip-
itation (red line) is strongly overestimated by the modetrawmost regions, with a peak excess of about
—65% over the SGP and East regions and most of all areti@% over the Rocky Mountains in July
and August. Much lower biases are found in the second haltfeofiight (green line) and in the afternoon
(yellow line). Throughout the year, the West Coast (panebjibits the weakest diurnal cycle MM B,
with a persistent model overestimation peaking to aroui@% by midday during the warm season.

Now considering correlations on even-row panels of Bjghe pronounced seasonal cycle brings them
from above 0.6 in the winter down to 0.2 in the summer for mostdomains, except over the West
Coast (panel I) where correlations remain between 0.5 a@icl0year round. These results are in
agreement with the time series depicted on even-row pahélg o3. A final noteworthy remark is that
there appears to be very little dependency of mean cowakatn the time of the day.

4.4 Diurnal cycle of precipitation

In addition to the previous statistics which were based dw@y precipitation accumulations, origi-
nal NEXRAD hourly accumulations were compared to equiviaiprantities from ECMWF operational
forecasts for the period December 2011 to June 2014 (prithrattchourly model outputs were not avail-
able). The main purpose was to more precisely assess thiashhdiurnal cycle of precipitation against
observations for each geographical sub-domains. Thealiggtle was computed as a function of lo-
cal solar time by taking into account the longitude of eadd goint. Figure6 displays the resulting
curves obtained from NEXRAD (blue line) and ECMWF forecgstsl line) for each sub-domains and
for the May-June period in 2012 (left), 2013 (middle) and2Qdght). These three spring periods (with
omnipresent convective activity) were selected to illigtrthe benefits of the crucial change that was
recently made to the diagnostic closure of the convectivarpatrization (Bechtold et al. 2014) and

Technical Memorandum No. 728 9
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Figure 5: (Continued from previous page) Monthly normalizeean bias (NMB; odd rows) and mean
correlation (even rows) between NEXRAD composites and EEM\Wourly forecasts (first forecast
day) for the entire U.S.A. and for each of the sub-domainséefin Fig.2 (see label on each panel).
Averages were calculated over the period January 2002 te 2014 and for four 6-hourly accumulation
periods in the day, which in local time correspond to the firglf of the night (blue), the second half of
the night (green), the morning (red) and the afternoon @)l respectively. Statistics shown along the
y-axis are all unitless. A positive value of NMB correspot@an underestimation of precipitation in

the model compared to NEXRAD.
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which became operational in November 2013 (ECMWF modelecg6ir1). It should be noted that the
West Coast was discarded from the hourly statistics sinceegssues were identified in NEXRAD data
over that region.

All left and middle panels in Figs show that the daily maximum of precipitation in 2012 and 20E3
simulated at around 14:00 local time by the model in all sabydins, while this maximum was observed
between 16:00 (East region; panel g) and 22:00 (NGP; panata)rding to NEXRAD data. This
indicates that the model was converting convective availpbtential energy (CAPE) into precipitation
far too early in the day. In 2014 (right panels), the revisidthe convection scheme has led to a rather
dramatic reduction of the phase shift between the model hadbservations (down to a couple of
hours). In particular, the rising portion of the red curve baen shifted to the right in 2014 compared to
2012 and 2013. This emphasizes that the model now simuladsatensification of precipitation later
in the morning, which better agrees with the observatiordl, e model precipitation tends to wane
too quickly during the afternoon.

4.5 Sensitivity of simulated precipitation amountsto forecast starting time

As mentioned earlier, statistical results turned out todikar insensitive to forecast starting time (not
shown). However, it was noticed that forecasts initiated20 UTC (FC12) had a tendency to em-
phasize the amplitude of the summertime precipitationrdiucycle, compared to forecasts starting at
0000 UTC (FCO00). This is illustrated in Tablewhich compares 6-hourly summer precipitation accu-
mulations from FC00 and FC12 averaged over the period 20Q3-2nd over the United States. Mean
NEXRAD precipitation amounts are also provided for refeeeand forecast lengths are given in paren-
theses.

Local times (approx.) NEXRAD FCO00 FC12 FC1ECO00
00-06h 1.882 1756 (+12) 1.733(+24) —0.023
06-12h 1.609 2765 (+18) 3.213 (+6) +0.448
12-18h 3.172  3.030 (+24) 3.187(+12) +0.157
18-00h 2.668 1.928 (+6) 1.588 (+18) —0.340

Table 1: Comparison of 6-hourly summer precipitation acuolations averaged over the period 2002-

2013 and over the U.S.A., and obtained from forecasts statteither 0000 (FC00) or 1200 UTC (FC12)

and run for up to 24 hours. Forecast ranges (in hours) aredatid in parentheses. Mean NEXRAD
precipitation is also reported, for information. Six-hdwprecipitation amounts are in mm da.

Table1 confirms that the amplitude of the diurnal cycle of precijita is larger in FC12 than in FCOO,
with less precipitation during the night (18-06h local tina@d more during the day (06-18h local time).
Itis important to emphasize that other seasons than the sunfwmot exhibit this difference (not shown).

A more detailed examination of the summer statistics fohead-domain revealed that the SGP and
East regions were the two main contributors to the signaidan Tablel. To further analyze the larger
6-hourly precipitation amounts produced in the morning BJLE+6 (second line of TablB, Fig.7 gives

an illustration of the mean differences in 6-hour rainfait@mulations between FC12+6 and FC00+18
during the summer 2012.

The largest excess in precipitation (above 2 and up to 7 mm*lay FC12+6 compared to FC00+18
is attained along the Gulf of Mexico and extends along thes&ippi Valley. To understand the origin
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Figure 6: Diurnal cycle of mean hourly precipitation as a @tion of local solar time (hours) from

NEXRAD composites (blue line) and ECMWEF forecasts (red fingt day of forecast) for the entire

U.S.A. and for sub-domains defined in Fysee legend). The periods for the statistics are May-June
2012 (left), 2013 (middle) and 2014 (right). Mean precifiia along the y-axis is in mm day.
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Figure 7: Mean differences in 6-hour precipitation accuatidns between FC12+6 and FC00+18 in
June-August 2012. Positive (resp. negative) differenicesin day ') are displayed with bluish (resp.
reddish) shading.
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Figure 8: Mean differences in (a) CAPE and (b) meridional evat model level 80 (i.e. at around 900 m

above ground) between 1200 UTC analyses and correspon@isigpdr forecasts started at 0000 UTC

in June-August 2012. CAPE is in Jgand meridional wind is in ms. Positive (resp. negative)

differences are displayed with bluish (resp. reddish) shgdMean CAPE values from the 0000 UTC

forecasts are shown with dotted isolines (250 J%gterval) in panel a. In panel b, mean meridional

wind isotachs are plotted above3 m st only, to identify the low-level southerly jet just east af th
Rocky Mountains.
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of this excess, a comparison of mean meteorological camditbetween FC00+12 and corresponding
analyses at 1200 UTC (AN12) was carried out over the sumnie2. Zbigure8.a indicates that the mean
CAPE along the Gulf of Mexico was much higher (by up to 35% rtharcoast) in AN12 than in the
corresponding FC00+12. At the same time, Bitp. shows that in AN12 the mean southerly low-level jet
(dotted isolines) around 10@/ was stronger over the Gulf of Mexico but slower in its northpart. The
combination of the resulting enhanced low-level convecgewith the higher CAPE can explain why
FC12+6 gave more rainfall than FC00+18 over the southeasiedfnited States. It should be stressed
that the patterns seen in Figturned out to be robust features of all summers throughausthdied
period (not shown).

Furthermore, from the second and fourth lines of forecaatistics in Tablel), one can deduce that for
a given verification time, FC+6 produces more precipitattonaverage than FC+18, regardless of the
forecast starting time. In contrast, the first and thirddinéTablel) show that FC+12 and FC+24 (valid
at the same time) yield comparable mean amounts of pretipitaTl his suggests that some spin-down
affects precipitation forecasts within their first 12 hoarso. However, this spin-down does not change
the sign of the largest biases with respect to NEXRAD, as easeen by comparing columns "FC00”
and "FC12” with column "NEXRAD” in Tablel). Finally, it is worth stressing that this spin-down
happens during the summer season only.

5 Conclusions

A systematic comparison of ECMWF'’s operational short-eaf@recasts with NCEP Stage IV (NEX-
RAD) precipitation composites was carried out over thequedanuary 2002 to June 2014. Statistical
results show that the match between the numerical foreeastSNEXRAD observations has kept im-
proving over the years, as a result of the regular upgradete ieathe various components of the IFS
(e.g. physical parametrizations, dynamics representatial data assimilation). This improvement is
particular obvious in terms of long-term mean biases anddésser extent on mean correlations as well.
A clear seasonal cycle exists in the correlations betweeseiramd NEXRAD over most of the U.S.A.,
with higher values during winter and lower values in the sienras expected given the universal chal-
lenge of forecasting convective activity at the right plaoel time. The only exception is the West Coast
where correlations remain high throughout the year dued@tbvalence of stratiform precipitation. A
regular improvement of threat scores also occurred ovdagteecade.

It is also found that the model tends to systematically astéreate precipitation throughout the first
day of forecast during the cold from October to March, withmarked diurnal cycle. From April to
September, a strong underestimation occurs in the firstofidlie night while a strong overestimation
takes place during the morning, both peaking in mid-sumnSgistematic biases are less pronounced
during the rest of the day. The West Coast is the only regidnambe affected by the former large
summer biases.

In other respects, forecasts started at 0000 UTC and 1200IeddCto monthly mean biases that have
the same sign with respect to NEXRAD. However, some prextipit spin-down can be detected within

the first 12 hours of the forecast, but only over the southtates and only during the summer. This

spin-down seems to originate from differences in convecdivailable potential energy and atmospheric
circulation (low-level jet) over the latter region. Othe@asons do not exhibit any significant precipitation
spin-up or spin-down.

Using hourly forecast data from the past few years, it isrgfedemonstrated that the long-standing
phase advance in the diurnal cycle of convective precipitavas substantially reduced after the recent
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changes made to the closure of the convection scheme (Beehtal. 2014).

It would certainly be beneficial to continue this evaluatddic CMWF forecasts against NEXRAD com-
posites in the future as it provides a source of verificatiat hicely complements the more traditional
verification against radiosondes, surface SYNOP obsenstind model analyses. Furthermore, it might
also be relevant to extend this validation exercise beybaditst day of the forecast.
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APPENDIX 1

List of acronymsused in thetext (alphabetical order)

ECMWF = European Centre for Medium-range Weather Forecasts

EOL = Earth Observing Laboratory (U.S.A.).

EUMETNET = EUropean METeorological services NETwork.

NCAR = National Center for Atmospheric Research (U.S.A.).

NCEP = National Centers for Environmental Prediction (18.5.

NEXRAD = NEXt-generation RADars (U.S.A)).

OPERA = Operational Program for the Exchange of weather Rifdlarmation (Europe).
PRISM = Parameter-elevation Regressions on IndependepesSModel (U.S.A.)
UCAR = University Corporation for Atmospheric ResearchSlA.).

APPENDIX 2

The Equitable Threat Scor&T g is defined as

H—He

ETS =
H+M+F—He

(1)

whereH is the number of correct hitd/ is the number of misses aifis the number of false alarms.
He is the number of correct hits obtained by pure chance andhigpuated as

He — (H+F)I\(IH+M) @)

whereN is the sample size.
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