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DANIEL LEUENBERGER AND ANDREA ROSSA

MeteoSwiss, Krahbihlstrasse 58, 8044 Ziirich, Switzerland

1 Introduction

Short-range and high-resolution numerical weather prediction (NWP) has a particular need
for a proper definition of the initial model state. Especially when aiming at quantitative pre-
cipitation forecasting high-resolution observations of dynamical and thermodynamic quan-
tities are required for the model initialisation to reduce the spin-up in the forecast. Since
weather radars offer the possibility of retrieving high-resolution — both in time and space
— observations of mesoscale precipitation related phenomena they become an increasingly
important complement to conventional observations for assimilation into and verification of
NWP models.

Various approaches to the assimilation of precipitation information have been developed
over the last decade, including adjustment and nudging techniques as well as variational
approaches (for a review see Alberoni et al., 2002). The COST-717 action 'On the Use of
Radar Information in Hydrological and NWP Models’ (Rossa, 2000) is the manifestation
of the substantial interest in this field across Europe. On the other hand, the operational
implementation has been realized only at a few weather services, and a best method has
yet to emerge. NCEP uses an adjustment scheme to assimilate multi-sensor precipitation
information (operational since July 2001, Lin, 2002) and since March 2002, the Japanese
Meteorological Agency applies 4DVAR for the assimilation of radar derived precipitation
(Koizumi et al., 2002).

We choose the Latent Heat Nudging (LHN) technique (e.g. Wang and Warner, 1988) because
it is well in line with the nudging concept of the LM. Its main idea is to force the model
with observed precipitation information during a pre-forecast period. An LHN algorithm,
originally developed for satellite data by Manobianco et al. (1994) was adopted for the
assimilation of radar-derived surface precipitation by Jones and Macpherson (1997) and has
been successfully run in operational mode at the UK Metoffice (Macpherson, 2001).

In this contribution we report on the current development state of the LHN at MeteoSwiss
and present preliminary results of a case study with the Alpine Model (aLMo), the Swiss
version of the LM.

2 Radar Data

Estimating surface rain rates from radar observations, especially in complex terrain, is a
challenging task. Since radar is a remote sensing system and measures only backscattered
electromagnetic signals, the derivation of quantitative rain rates at the ground suffers from a
number of problems, notably: ground clutter, partial beam blocking resulting in areas with
low visibility, bright band effects, anomalous propagation, beam attenuation (especially for
long ranges and cases of intense precipitation) and side lobe or second trip echoes. However,
effort has been put into overcoming some of the above mentioned problems in the past years
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and they continue to be tackled. Nevertheless, radar measurements provide high quality
rain/no rain information within the range of the radar site at a high spatial and temporal
resolution.

The Swiss Radar Network (SRN, Joss et al., 1998) consists of three C-band Doppler Radars
of the same type, providing full volume information every five minutes. The data are pre-
processed and available on a cartesian grid with a mesh size of 1 x 1 x 1 km? for single radar
sites and 2 x 2 x 2 km? for the network composite. In this study we use the best estimate of
surface precipitation where many state of the art corrections have been applied to, including
clutter elimination and vertical profile correction algorithms. The precipitation rates are
averaged over the last 6 samples (30 min) to improve the representativity and robustness to
data losses and are interpolated onto the model grid.

3 The LHN Method

The main principle of the LHN is to correct the model’s latent heating (LH) at each time
step by an amount derived from observed and model estimated precipitation. One of the
major challenges is the determination of the LH. A common approach is to relate the verti-
cally integrated heating in an atmospheric column to the surface precipitation rate. This is
based on the observation that relatively little moisture is stored in clouds. The horizontal
distribution of observed surface precipitation gives information about the location and the
approximate amount of the released/absorbed LH. However, the vertical distribution of the
heating is not known. Manobianco et al. (1994) and Jones and Macpherson (1997) used
model profiles to deduce the vertical partitioning, based on the assumption, that they have
a realistic vertical shape. The basic concept of the LHN in LM is as follows:

e First, the model physics and the dynamic tendencies are derived from the current state
of the model atmosphere.

e Then the diabatic temperature tendencies related to phase changes of water for each
grid point are calculated (hereafter related to as model latent heating (LH)).

e Finally, the LHN temperature increments for each grid point are calculated by scaling
the profile with a factor determined from the radar-derived and the model surface rain
rate and are added to the prognostic temperature field at the end of the time step.

These steps are described in more detail in the following subsections.

3.1 Calculation of the model Latent Heating

Contributions to the source/sink of LH are dependent on the precipitation parametrisation
scheme in use. For this study we use the one-category ice scheme described in section 7.4 of
the LM scientific documentation (Doms and Schéttler (1999). In this case, the discrete LH
is calculated from

ATpn Ly Lg Lp

LH = =" LHmed _ - =8 il : - 1
At Cpd (Sc Se'u) + Cpd Sdep + Cpd (Snuc + Srzm + Sfrz Smelt) ( )

where Ly and Lg are, respectively, the latent heat of vapourization and of sublimation and
Ly = Ls— Ly is the latent heat of fusion. c,4 denotes the specific heat of dry air at constant
pressure, At is the model time step. The mass transfer rates S; are listed in Table 1.
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Symbol Definition / Description

Se Condensation and evaporation of cloud water.

Sev Evaporation of rain in sub-cloud layers.

Sdep Depositional growth of snow.

Shue Initial formation of snow due to nucleation from cloud water.

Srim, Accretion of cloud water by snow (riming), 7' < 273.16 K.
Strs Heterogeneous freezing of rain to from snow, T' < 267.16 K.

Sineit Melting of snow to form rain, 7" > 273.16 K.

Table 1: Mass transfer rates contributing to the release/absorption of latent heat

If the new two-category ice scheme (see Doms and Schéttler, 1999, section 7.5) is applied,
additional source/sink terms S, must be considered. If the convection parametrisation is
switched on, an extra convective temperature tendency is added to LH.

3.2 Calculation of the LHN Temperature increments

The LHN Temperature increments ATy, zn added to the prognostic temperature field at the
end of the time step are now determined from model latent heat tendencies LH, the radar-
estimated surface precipitation rate RR,,q and the model surface precipitation rate RR,,.q
from

ATy = (f —1)- ATrn [ = RRuna/RRmod (2)

where f is the scaling factor determined from the ratio of the analysed and the model rain
rate. The analysed rain rate RRgy, is a weighted sum of the radar-estimated and the model
rain rate:

mod ?

RRyno = w- RRyoq + (1 - ’LU) * RR 04 (3)

We have introduced the observation weight w = w(z,y,t), w € [0, 1] which serves as a quality
information for the radar-estimated rain rate. It takes high values for regions with a good
radar coverage and low values for regions with poor coverage. For w = 1 the analysed rain
rate is equal to the radar-estimated rain rate, w = 0 does not consider radar information and
the analysed rain rate equals the model rain rate. Jones and Macpherson (1997) propose to

=o

Figure 1: Spatial distribution of the observation weight w for the domain covered by the Swiss Radar
Network. The letters indicate the respective position of the three radar sites Dole, Albis and Lema.
The dark areas mark regions with good radar coverage, white areas mark region with poor or no
coverage.
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use the distance to the nearest radar site as measure for the radar quality with high quality
near a radar site and low quality more distant of it. In regions with complex terrain, where
radar measurements are hampered by partial beam blocking or ground clutter, we consider
it as more appropriate to use the height above sea level of the lowest unblocked radar beam
from the nearest radar site as quality information. This minimal height is then mapped
to the interval [0,1] where w is equal to unity for a height less than 2000 m and decreases
gradually to zero at a height of 4000 m. Figure 1 shows the spatial distribution of w for the
three radar sites of the Swiss Radar Network.

If there are large discrepancies between observed and modelled rain rates, the scaling factor
f is limited so that there is not too much heat added to or removed from the model. If at a
grid point the observed rain rate is much larger than the model rain rate (this includes the
case, where the model has no precipitation) no suitable profile is provided by the model and a
nearby grid point is searched within a given range, where the rain rate more closely matches
the local observed rain rate. If such a point is found, the nearby profile is scaled. If no
nearby point is found, an idealised Latent Heat profile is used for the scaling. In Table 2 the
possible ranges for the ratio between observed and model rain rates and the corresponding
scaling factor and profile are listed.

scaling factor f  profile to scale

. RRana RRU/"L&
del fair: 1 < < local fil
model fair [ Qdown < RR,.. = Qup RR.. ocal profile
i RRunq
model too wet: <1/tdown 1/%own local profile
RRmod
RRU/FL(I RR(Z’IMZ .
model too dry: >« - nearby /ideal. profile
RRnod w RRn ear [ideal /

Table 2: Ratios of observed and model rain rates and corresponding scaling factors and profiles. We
use values of qgown = Qyp = 3 as proposed by Jones and Macpherson (1997).

4 Case study

The current version of the LHN scheme in the aLLMo has been tested on a case study of severe
convection over the Swiss Plateau. This particular system has been selected because of its
coherent structure and its long retention period in the SRN domain. First we briefly describe
the meteorological situation and then present results of aLMo analyses and forecasts.

4.1 Overview of the Meteorological Situation

On 20 August 2000 a system of deep convection formed ahead of a cold front over central
France which has associated a well developed, elongated, quasi-stationary upper-level trough
featuring wind speeds of up to 50 knots on the 500 h Pa analysis (not shown). The convection
was orographically triggered around 22:30 UTC over the French Massif Central, developed
in a distinct band of strong southwesterly wind (Figure 2a) and continued its way across the
Swiss Plateau, where it gained strength before decaying in southern Germany. At its stage
of maximum intensity the system was accompanied by violent wind gusts causing severe
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Figure 2: a) ECMWF analysis of 700 hPa wind [m/s] at 21 August 2000, 00 UTC and b) Swiss
radar composite of maximum reflectivity at 21 August 2000, 03 UTC

Metsosvirzaa Radaret 1576503 1751

damage in eastern Switzerland. Figure 2b shows a SRN composite image of maximum radar
reflectivity at 03 UTC. Red areas mark regions with reflectivities above 55 dBZ or 100 mm/h,
illustrating the magnitude of the event.

4.2 aLMo Analysis

Several alLMo simulation of this case have been carried out. The model is run on the
operational domain of MeteoSwiss using a horizontal mesh width of 7 km. For all simulations
the convective parametrisation scheme is switched on. The control forecast (CTRL) of 21
August 00 UTC is started from and laterally driven by GME. An LHN analysis (LHN_ANA)
is performed with the continuous assimilation of radar data from 00 to 06 UTC. Figure
3 shows modeled and observed (right panels) precipitation sums over the SRN domain.
The CTRL simulation (left panels) completely misses the convective event since the initial
condition does not contain the small-scale information needed to trigger convection. A

misplaced stratiform rain band (not observed by radar) is visible in the western part of the
SRN domain.

The LHN simulation (central panels) produces a rainfall pattern well in agreement with the
observed one. Moreover the LHN scheme is able to correct to some extent the misplaced
frontal precipitation structure apparent in the CTRL run. In Figure 4 we document the
feedback of the LHN scheme to the model dynamics. A vertical cross-section of relative
humidity, potential temperature and vertical velocity (panel a) along the storm track (line
from A to A’ in Figure 2) evidences the LHN-induced deep circulation featuring a tower
of saturated air up to the tropopause, strong temperature gradients in the outflow region
of the storm and distinct areas of intense updraft of several m/s. Panel b shows the 10m
windspeed at 04 UTC over Switzerland. To compare the aLLMo field with observations, the
10m windspeed measured by a number of mesonet stations at the same time is plotted as
coloured dots. Only stations north of the Alps and situated below 800m ASL are shown.
A coherent area of strong winds is evident in the model field. Most of the stations near
this region also measure enhanced winds. Shown are wind speeds averaged over 10 minutes.
Maximum gusts during this period, however, exceed these means by a factor of 2 to 3 (not
shown).
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CTRL

Figure 3: Hourly sums of radar-observed and modeled precipitation [mm/h]. Left panels show aLMo
control simulations, central panels alLMo LHN-analyses and right panels radar observations. First
row depict sums from 00-01 UTC, second row from 02-03 UTC and third row from 05-06 UTC.
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Figure 4: Dynamical fields of the LHN analysis at 04 UTC. a) Vertical cross-section of relative
humidity [%], potential temperature [K] and vertical velocity [m/s], white contour for 1m/s and
yellow contour for 2m/s, b) 10 m-windspeed [m/s]. Coloured dots represent observed windspeeds
from automatic mesonet stations of MeteoSwiss at the same time
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CTRL

Figure 5: Hourly sums of radar-observed and modeled precipitation [mm/h]. Left panels show aLMo
control simulations, central panels LHN-forecasts and right panels radar observations.

4.3 aLMo Forecast

In a second simulation we only assimilate radar data during the first three hours and continue
in forecast mode for another three hours. Figure 5 shows hourly sums of modeled and
observed precipitation from 03 UTC to 06 UTC, i.e. after the LHN scheme has been switched
off. The precipitation produced by the LHN-forecast (central panels) is still in reasonable
agreement after one hour free forecast (first row). However, the further evolution of the storm
is not well captured by the model and the assimilated radar information vanishes during the
two following forecast hours (second and third row). In addition the frontal precipitation in
the western part of the SRN domain is no longer corrected and regains strength after the
LHN forcing has stopped.

5 Summary and Outlook

We have tested the LHN algorithm in alLMo using surface precipitation derived from SRN
measurements on a severe convection case.

e Overall, the scheme is able to trigger a convective system with associated precipitation
patterns in good agreement, both in position and amplitude, with those observed by
radar.
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e Moreover, the dynamical response features the formation of a realistic, deep circulation
associated with surface winds which correspond well with mesonet observations.

This demonstrates the value of the mesoscale analysis using only temperature increments
derived from radar observations. However, despite the well developed circulation at the
beginning of the free forecast, the model is not able to keep the assimilated information
resulting in a premature decay of the storm. This could be due to a improper model repre-
sentation of the meteorological environment in which the storm develops. As next steps we
plan to

e use aLMo analyses using conventional data instead of interpolated GME fields for the
initial and boundary conditions of the LHN runs. This may beneficially influence the
quality of the LHN analysis and forecast.

e study the sensitivity of the vertical structure of assimilated latent heating by means of
idealised observing system simulation experiments (OSSE) of a convective system and
real case studies.

The investigation of this sensitivity is considered as the next step towards the further devel-
opment of the LHN, particularly with regard to the addition of more radar information in
order to determine the vertical latent heat distribution based on observations instead of the
model.
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