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Abstract. The high-resolution analysis and nowcasting sys-tion planning. In response to these requirements the anal-
tem INCA (IntegratedNowcasting througlfComprehensive  ysis and nowcasting system INCA (Integrated Nowcasting
Analysis) developed at the Austrian national weather servicghrough Comprehensive Analysis) has been developed at
provides three-dimensional fields of temperature, humidity,ZAMG (Central Institute for Meteorology and Geodynam-
and wind on an hourly basis, and two-dimensional fields ofics, Vienna, Austria). Sectiof gives a short overview of
precipitation rate in 15min intervals. The system operatests general characteristics, data sources, and the analysis and
on a horizontal resolution of 1 km and a vertical resolution of nowcasting methods used.
100-200 m. It combines surface station data, remote sensing Most existing observation-based forecasting systems have
data (radar, satellite), forecast fields of the numerical weathepeen designed for the prediction of precipitation and con-
prediction model ALADIN, and high-resolution topographic vective phenomenaBfowning and Collier 1989 Li et al.,
data. An important application of the INCA system is now- 1995 Hand 1996 Golding 1998 Pierce et al.2000. Dur-
casting of convective precipitation. Based on fine-scale teming the World Weather Research Program (WWRP) Forecast
perature, humidity, and wind analyses a number of convecDemonstration Project (FDP) of the 2000 Sydney Olympics
tive analysis fields are routinely generated. These fields inseveral systems were tested and compaRidrée et al.
clude convective boundary layer (CBL) flow convergence2004. A wind analysis and nowcasting system was also
and specific humidity, lifted condensation level (LCL), con- tested and evaluated during that proje€rdok and Sun
vective available potential energy (CAPE), convective inhi- 2004. The work, however, was not primarily focused on
bition (CIN), and various convective stability indices. Based the wind field as such but on its use for the prediction of
on the verification of areal precipitation nowcasts it is shownthe initiation and development of deep convectigvil§on
that the pure translational forecast of convective cells can beind Schreiberl986 Wilson et al, 2004). Similarly, analysis
improved by using a decision algorithm which is based on aand nowcasting of near-surface temperat@en(and Crook
subset of the above fields, combined with satellite products.2001) has been of interest mainly in the prediction of con-
vective developments rather than as a forecast field in itself.
These systems use different methods of determining pre-
cipitation movement such as area tracking, individual cell
tracking, and numerical weather prediction (NWP) model

There is an increasing demand for automated high-qualityVinds. Two of the systems, namely GANDOLF (MetOf-
very-short-range forecasts and nowcasts not just of precipfice. Exeter, UK) and ANC (NCAR, Boulder, CO, USA) also
itation but also temperature, wind, humidity, cloudiness, orh@ve convective evolution and initiation capabiliyi(son
global radiation. Real-time flood-warning systems based orft @l- 2004. In the GANDOLF system, convective cells are
detailed hydrological modeling require meteorological in- classified into different stages of Qevelopment. Based on a
put on small scales and at high update frequencies. Highg_onceptual model of storm evolution, fut.u.re states are pre-
resolution road weather forecasts become increasingly imdicted. New (‘daughter”) cells can be initiated close to ex-

portant both for winter road management and for transportalSting cells if the boundary layer convergence predicted by
the NWP model is sufficiently strong. The ANC predicts cell

Correspondence tof. Haiden initiation and evolution based on the interaction of existing
(thomas.haiden@zamg.ac.at) storms and cumulus clouds with boundary layer convergence

1 Introduction

Published by Copernicus GmbH on behalf of the European Geosciences Union.



126 M. Steinheimer and T. Haiden: Improved nowcasting of precipitation based on convective analysis fields

4000
3600
3200
2800
2400
2000
1600
1200

800

400

Fig. 1. INCA domain and topography (meter above mean sea level). Domain size ¥360&m, horizontal resolution is 1 km. River
catchments referred to in the study are Kamp (1), Pulkau (2), Traisen (3), Triesting (4), and Piesting (5).

lines observed by radar and predicted by NWP wind field2 The INCA system
characteristics. The main findings with regard to convective

cell prediction in the Sydney FDP can be summarized as fol-The forecast of an NWP model is trilinearly interpolated
lows (Wilson et al, 2004: to the high-resolution (1 km) INCA grid, serving as a first

guess. Differences between surface observations and the first
guess are determined and spatially interpolated using inverse
1. Predictive skill above pure translation occurs when distance weighting (IDW) both in geometric and in physi-
boundary layer convergence lines can be identified anctg| space. In the case of temperature, for example, geomet-
used to nowcast cell evolution. rical distance weighting is used in the horizontal, while in
the vertical the distance weighting is performed in potential
temperatureq) space. The three-dimensional “distance” be-

2. For nowcasts beyond 60 min, boundary characteristic§yeen INCA gridpoint {, j, m) and thek-th surface station
are more important for storm initiation than early detec- js given by

tion of cumulus clouds.
Tijmk = 1
(= x02+ (x — )2 + 2O gz ()

ijm

For the development of a cell initiation and evolution mod- \/(x

ule in INCA, described in SecB, these results served as where the parameterhas the dimension of an inverse tem-

E gwgellntla. They glioléndlca}te _thel |m£or:§nFe ?f_ a g?[OOdperature gradient. The interpolated three-dimensional tem-
ouhdary-iayer wind Tield ahalysis. In Austrias aipine ter- perature difference field is obtained from
rain, boundary layer convergence lines are to a large degree

related to topography, which adds a deterministic component 3 §OBS_gNWP

to cell initiation (Haiden 200). With the current version of ). . kot @
the INCA wind field analysis the ability to correctly detect S = >

these convergence lines critically depends on the skill of the Tijmk

ALADIN 1 model in predicting them, and on the surface sta- gnd added to the NWP first guess, giving

tion network to represent them. Case studies are carried out

to determine to what extent this is in fact the case. Howeverf'N“ @, j, m) = 6NVP@, j,m) + A6G, j, m). ()

none of the systems used in the Sydney FDP used convective _ . . . . .
In case of wind a relaxation algorithm is applied to the in-

analysis fields such as CAPE or CIN, so it is interesting tot lated field in order to obtai ot Th
investigate what additional benefit can be gained from those o' PO1ated field in order Lo obtain mass-consistency. The cur-

Results of the case studies are discussed in 8ect. rent dovx_/nscallng procedgre in INCA is purely kinematic anq
cannot introduce dynamical flow effects such as mountain

waves or foehn if these phenomena are not already present

TALADIN is a limited area weather prediction model (LAM). in the NWP field or the observations. The same applies to

In this study ALADIN-VIENNA is used, that runs operationally at boundary layer convergence. Hence, the resulting conver-
ZAMG. (horizontal resolution: 9.6 km). gence is sensitive to the quality of the first guess provided by
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the NWP. In areas with orographically induced CONVErgenCerype 1. Convective nowcast algorithm decision criteria and thresh-

good results are achieved, as pointed out in Sect. _ old values for cell initiation, intensification, and weakening.
INCA routinely analyzes three-dimensional fields with

one hour update interval (temperature, humidity, wind), two-

. . . . . . Cell initiation
dimensional fields with one hour update interval (global radi-
ation, convective analysis fields) and two-dimensional fields ~ CAPE > CAPE;yj = 100Jkg?
with 15 minutes update interval (cloudiness, precipitation). MOCON > MOCONy = 2x107%s71
Analyses and nowcasts of these fields have been operational VIS > VISini = 0.5
since 2005. CT #* CTexcl = [3, 4,15 116]
The high resolution of 1km is an essential characteris- DTCT'SIG < DTCT'g;g_ . - zoog_ng
tic of INCA. It enables the system to process locally influ- - - —
enced station observations, because at this resolution the ac- Cell intensification
tL_JaI elevation and exposition of most surface stations coin- ~ - CAPE, _ 50Jkg L
cides reasonably well with the corresponding values on the _ 6 1
. : . 9 e MOCON >  MOCONp; = 2x106s
numerical grid. In steep terrain the resolution is still not en- cT £ CTexcl - [3, 4, 15 16]
tirely adequate but it is an operationally feasible compromise CIN - CIISJ?(Ct _ 26013 kgl
for a domain si;e encompassing the entirc_a area of Au;tria DTTRIG = DTTRir&;im - _2K
(600x 350 km, Fig.1). Another reason for using a 1km grid RR - RRint = 0.2mmhl
is that it corresponds to the resolution of the radar data used -
in INCA. Cell weakening
In the vertical, az-system is used whergis the height =520
. . i i CAPE CAP = min| CAPE
above the “valley-floor surface”. In mountainous or hilly ter- < Bveak = 100 Jkg'L
rain, the valgaly—l;l]o_orﬁ of aTer]acent vaIIeysdarfg gen(;rally fr:)upd | MOCON < MOCONyeak = 00s1
at comparable heights. Thus one may define a hypothetica RR - RRyeak _ 0.0mmH-L

surface that is smooth compared to the actual topography and
connects major valley-floordHgiden 1998. This surface
represents a useful local reference height for#&ystem.
The vertical resolution of INCA is currently equidistant at
Az=200m. The system has 21 levels (surface included) par

allel to the valley-floor surface, covering the lowest 4000 m """ ;
above this surface. For the wind analysiseoordinate with stations with ground clutter already removed. The data has
14 intensity categories and a time resolution of 5min. Due

horizontal levels and\z=125 m is used. The irregular shape h i h fth dar data is of
and reduced volume of grid elements intersecting the ter-t_o'[_ N mour_1tam0us c arac_:ter of the COU”‘TV’ radar _ata IS 0
ited use in many areas in western Austria, especially dur-

rain is taken into account using the shaved element approacwn . . h D " p hall
(Steppeler et 312002. Ing wintertime when precipitation can originate from shallow

ALADIN forecast fields are used as a first guess for cloud systems. The Meteosat 2nd Generation (MSG) satellite
the three-dimensional INCA analyses (temperature, humidprowdes a number of new f|¢|ds as well as a hlgher resolu-
ity, wind). The NWP fields are 1-hourly, at a horizontal tion than previous 'M'eteosgt imagery. The satellite prod'ucts
resolution of 9.6 km, with 45 levels in the vertical. Two used in INCA are visible brightness and "Cloud Type” which

ALADIN forecast runs per day are performed (00:00 UTC, d?fferentiate_s between different cloud levels (low, medium,

12:00 UTC). Post-processed fields from these runs are availh'gh) and different degrees of opagueness.

able at about 05:00UTC and 17:00UTC. ALADIN fore-

cast fields used in INCA are geopotential, temperature, rela- ) )

tive humidity, u-, v-, w- wind components (3-d fields), 2m 3 Convective nowcast algorithm

temperature and relative humidity, v- 10 m-wind compo- . S )

nents, precipitation, total cloudiness, and low cloudiness (2-d'"e INCA translational precipitation nowcast is an

fields). observation-based extrapolation that uses motion vectors de-
The most important observational data for the INCA sys- termined from consecutive analyses with a correlation tech-

tem are surface stations. ZAMG operates a networkbf0  Nique. The size of the correlation quadrangle is 100 km. Spu-

automated stations (TAWES) across the country. In the verious correlations implying unrealistically large translation

tical, they span most of the topographic range in Austria,sPeedS are meteorologlcally filtered by comparison ywth AL-

with highest stations Brunnenkogel (3440 m), and SonnblickADIN wind fields at 500 und 700 hPa. The filtering is done

(3105m). Although the distribution of stations is biased to- USing the condition

wards valley locations, there is a sufficient number of moun-

tain stations to construct three-dimensional correction fields|Vkorrl + |Vkorr — VaLal < |[Vawal + 2A, 4)

to the NWP model output on the basis of these observations.
Radar data used in INCA is a 2-d composite of four radar
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where Vkorr IS the motion vector derived by correla- The convective nowcast is created as follows:
tion analysis,VaLa is the ALADIN 500 or 700 hPa wind
(whichever is closer t& korRr), andA is a prescribed wind
speed scale which determines the amount of deviation per-

— The analyzed precipitation field is moved according to
the motion vectors for the length of one time step

mitted betweerV korr andVaLa . Operationally, the value — The new intensity is calculated at gridpoints where the
A=5ms? is used. Equation4) defines an elliptic area criteria of Tablel are fulfilled using Eq. §); otherwise
aligned with the vectoW a a. Verification of both point the intensity is left unchanged.

and areal precipitation forecasts shows that the INCA trans-

lational nowcast is superior to NWP forecasts over the first — The modified field is moved accprdmg o the mqtlon
o_4h vectors for the length of another time step and again the

In order to improve the convective precipitation forecast intensity is updated at the appropriate gridpoints.

over that of a simple translation, the evolution (initiation, — This procedure is repeated till the end of the nowcast
intensification, weakening) of convective cells must be as- period.

sessed. Once every hour INCA routinely generates the con-

vective analysis fields of lifted condensation level (LCL),
level of free convection (LFC);onvective available poten-

All three types of intensity changes (initiation, intensifica-
tion, and weakening) are modeled as a Gaussian variation in

tial energy (CAPE)convective inhibition (CIN)Showalter me

index (SWI), lifted index (LI),trigger temperature deficit 2

(DTTRIG) equivalent potential temperatur@ ), boundary- () = Imax exp{ - [(t — tMAX)/T] } ®)
layer convergence (CON) atmbundary-layer humidity con- IREL

vergence (MOCON)During the period of algorithm devel- where the three parametefigax (maximum rainfall rate),
opment several different combinations of these fields weret'vIAX (time of maximum rainfall rate) or rathege, (time of

tested. The ones that proved most useful and were ultimately, .. \m rainfall rate relative to time), andz (cell evolu-

useg are |nd|cated by |tfaILcs. ) | tion time-scale) must be determined.
_ The basic concept of the INCA convective nowcast algo- - rpe resylting precipitation intensity at time-Ar is then
rithm is to classify each gridpoint as either “convective” (us- given by

ing the condition that CAPE50 J kg within a certain dis-

tance from the gridpoint) or “non-convective”. For each con- 2
vective gridpoint it is tested whether the conditions for cell /(¢ + A1) = Ivax exp{ - [(At + tREL)/T] } ®)
initiation, cell intensification, or cell weakening are fulfilled
(Table 1). In addition to the above fields, Tablecontains Maximum cell intensity is parameterized as a function of
criteria based on MSG satellite data, namely visible bright-specific humidityg (at valley-floor level) and CAPE in the
ness and cloud type information: form

— Visible brightness (VIS) is used to identify areas Imax = c1pgv CAPE (7)

where non-precipitating cumulus convection is aIreadyWhere p=1kg 3
present. Only in these areas cell initiation is allowed. ¢1=1/90.

VIS is scaled to its domain maximum value at a given
time to allow the use of a constant threshold value (Ta-
ble 1) throughout the daytime diurnal cycle. The current
algorithm is unable to predict initiation after sunset.

, and the nondimensional coefficient

In the case of initiation and intensificatianis set to the
constant value;=1800 seconds.

The time of maximum intensity of a newly initiated cell
relative to timer is set torrgL.=—215. For cell intensifi-

— Cloud Type (CT) is used to exclude those areas fromcal.:ioanEL is dgrived from the ratio of maximu.m intensity
initiation and intensification where obviously no con- !0 intensity at time by inverting Eq. ) and settingAs=0,
vective cloudiness is present. This applies to follow- Which gives
ing types: cloud free land snowCT=3), cloud free _ _ \/—
sea snow/icéCT=4), high semi-transparent thin clouds ‘REL rav/Intiax /1], ®
(CT=15),high semi-transparent thick clou¢€T=16).  Wherelyax is parameterized using EG)(

In the case of cell weakening it is assumed tat =0,

An additional Condition, that the precipitation rate (RR) IMAX=I(I)- The timescale of Weakening (|n units of sec-

must be greater than a certain threshold Value, had to be a.[b'nds) is parameterized based on moisture convergence
plied in order to avoid intensification of very small precipi-
9)

tation rates that are sometimes generated in the analysis asrg =
result of station interpolation.

2
MOCON’

wherec;=9x10"%. In addition, z is limited by the con-
straint 18067 <3600 seconds.
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Fig. 2. Verification results for the non-alpine catchments Kamp and Pulkau, and the alpine catchments Traisen, Triesting, Piesting. Shown are
the root-mean-square error (RMSE) and bias (ME) of areal precipitation nowcasts as a function of forecast time for the convective nowcast
“cn” and the pure translational nowcast “tn”.

4 Results and discussion (or mean error, ME) of accumulated precipitation, computed

against INCA analyses. Results of the convective nowcast al-
gorithm are compared to those obtained by pure translation.
The verification period consists of all forecasts made at full

hours between 11:00 and 18:00 UTC for those 10 days of the
year 2005 which had the highest convective rainfall amounts
in Lower Austria. All days fell within the period May—July.

Verification of the convective nowcast algorithm is per-
formed for five small river catchments (Fid) in different
parts of the province of Lower Austria with terrain ranging
from hilly (Kamp, Pulkau) to moderately alpine (Traisen,
Triesting, Piesting). Catchment sizes range from 250 km
(Piesting) to 1500 krh(Kamp). It was decided to verify areal When interpreting the verification results of the convective
rather than point forecasts because of their greater relevanagwcast it must be kept in mind that a systematic improve-
to hydrological applications and because we did not wantment above pure translation is generally hard to achieve. By
to penalize small location errors of the order of a few km. predicting intensity changes, in particular in the case of ini-
The forecast range considered is +15 to +120 min, verificatiation and intensification, the convective nowcast takes a
tion measures are root-mean-square error (RMSE) and biagreater “risk” than the translation. Our attempt was to design
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an algorithm that gives significant improvements in individ- (2000 made a quantitative evaluation, and comparison with
ual cases without worsening the overall skill. On the otherpure translation, for the GANDOLF system. In contrast to
hand, the verification periods considered here cannot be conNCA, GANDOLF uses an object-oriented algorithm to ex-
sidered entirely independent since they contain cases thadtapolate cell movement and intensity. For all non-frontal
have been used in the design of the algorithm. Thus we exeonvective events of 1995-1996, results similar to the ones
pected to see improvements at least in some of the areas. presented here were obtained in the sense that both improve-
Figure2 shows the RMSE and ME for the translational and ments and worsening compared to pure translation was found
the convective nowcast. In the non-alpine areas the resultfor different catchments.
are essentially neutral. Analysis of individual cases in these

areas shows a number of days where there is in fact an im-

provement due to the convective nowcast but this is compen®  conclusions

sated by yvorsening on other day_s. Results for the alpine_ areadn approach to convective nowcasting is presented which is
show a significant improvement in terms of RMSE for Piest- based on high-resolution analyses of some key convective di-

ing and Traisen, and rather neutral behaviour for Triesting. . . ; o
S agnostics. It is found that the convective analysis fields most
In the former two areas there are also individual cases where :
. . important for the nowcast are CAPE, CIN, moisture con-
the convective nowcast algorithm has a larger error than the

translational algorithm, but overall the improvements domi- vergence, and trigger temperature deficit. The current ver-

. ; ion of the algorithm also requires visible satellite imagery
nate. One reason why the improvement is more pronounce . . S ) .
. i . in order to identify areas of incipient cell intensification and
in the alpine areas may be that, due to orographic effects

the moisture convergence is more predictable and thus bettetP avoid over-prediction of cell initiation. Verification of

represented in the ALADIN wind field that is used as a first areal precipitation nowcgsts for small catchment_s shows that
) : . . o n average the convective nowcast performs slightly better
guess in the INCA wind analysis. This assumption is base

. . : han the purely translational nowcast. The improvement is
on the observation of strong moisture convergence in the re- ) . .
: . N . _more pronounced in the alpine catchments studied, whereas
gion of our alpine verification areas that are well-known cli-

S N . . it is marginal in the non-alpine areas. This difference in be-
matological “hot spots” for orographically triggered convec- . :
. . . : haviour appears to be due to the more predictable character of
tive developments. The ME tends to increase slightly in area

where the RMSE is reduced. However, this is not always the'%he orographically induced moisture convergence field along

. ..the main alpine rim as compared to that over the lowlands.

case, as shown by the results for the Traisen catchment. Wit . . )

. i . There are many possible ways in which the current ver-
regard to differences in error magnitude between catchments, . ) .
AR o : Sion of the algorithm could be improved. For example, it
it is important to note that they do not indicate a difference . ) .
. . - . L could be argued that the thresholds set for input fields like
in forecast skill but primarily reflect different precipitation

amounts CAPE, CIN, DTTRIG and MOCON should not be constants
' ) e but rather depend on the values of the other fields at the given
In order to confirm whether the verification results from . . ; o
. . . ... _instantand location. Also, it would be more physical in terms
2005 can be generalized, an additional continuous verifica-

. : of an ingredient-based approach to use mass convergence in-
tion was performed which covers all nowcasts made between

4 April 2006 and 16 May 2006 during a pre-operational testStea.d of moisture convergence. For the mesosca[e structures
. 2 studied here, however, the convergence term dominates MO-
run of the system. In this case no individual days were se- : . :
: . .~ CON, making mass and moisture convergence fields look
lected, thus the sample contains a mixture of non-convective -
ather similar Banacos and Schult2005.

and convective cases. Again, no significant change in RMSI’—_r Probably the largest improvement could be gained by im-

was found for the non-alpine areas, whereas improvementsroved analvses of the primary fields from which the con-
similar in extent to the 2005 verification were found for two P Y P Y

. - . . ) . .~ vective diagnostics are derived. The typical length scale of
_alplne areas (Triesting, Piesting) with the third (Traisen) giv CAPE. CIN, and MOCON variations in the analysis is sig-
ing neutral results.

Based on a number of individual casaajison et al. nificantly larger than the scale of individual convective cells.

: S . . The DTTRIG parameter, which is smaller in scale, is not
(2009 provide a qualitative verification of the convective - . ) ;
nowcast algorithm in the ANC system for up to +60 min, yet sufficiently reliable. To deal with this drawback the con-

. . " vective nowcast algorithm currently uses visible satellite im-
They demonstrate that it outperforms the purely translational ; L L
. . agery to decide where new precipitation cells are initiated.
forecast in most cases but also point out that further algo- : .
. : That means that the current nowcast algorithm is unable to
rithm development is needed. In contrast to INCA, the ANC . TR . .

. L ) . predict cell initiation in clear air. Further work on INCA will
obtains wind fields derived from Doppler radar as input. It . ; - .
- ) . . address this problem through improved spatial interpolation
is likely that such input would increase the skill of the INCA . - .

. . ) techniques for temperature, humidity and wind.
convective nowcast especially in lowland areas, where the
current wind analysis based on NWP results and station data
appears to be unable to resolve the convergence character-

istics relevant to convective intensity chang&serce et al.
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