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Objective: The central goal of the project cluster AQUARadar (Advances in Quantitative Areal Precipitation
Estimation by Radar) is to significantly enhance the quality of radar derived precipitation estimates. One perspective 
pursued is mapping the radar signal produced by rain events over their lifetime. Therefore we track precipitation-centroids
and quantify the events using Integral Radar Volume Descriptors (IRVD). We assume that sufficient information
is hidden in the event-encompassing multi-scale spatial and temporal structure of the 3D radar signal, and that this information can be 
condensed in a small set of IRVDs in order to significantly enhance areal rainfall estimation compared to usual Z-R-relations.

Method: Doneaud et al. (1984) found, that the volume rainfall V, defined as the integral of the instantaneous local rain
rate R both, over the entire area A and over the storm duration T, can be estimated by the product of the so-called o 

area-time integral (ATI) of the radar echo in excess of a specified threshold t over the liefetime of the storm with the factor S(t):

Data: We use simulations of  the Lokal-Modell of the German Weather Service (DWD), which became recently the regional forecast
model COSMO of the European Consortium for Small-Scale Modelling. In the analysis we use the pseudo-radar data and rain rates generated by 
COSMO-DE, a 2.8km resolution version of COSMO centered over Germany for a period of three days: July 17, 2004, July 8, 2005 and
August 19, 2005. The data is available in 0.025 degree spatial (roughly 2.8km) and 10 minutes temporal resolution.

Figure 1: Snapshots
of a rain event tracked over
9 hours on July 8, 2005 
(3:40 to 12:30 UTC).

S(t) depends on the population distribution of the rain rate R; i.e. the theory 
relies on the existence of a well-behaved probability density function of  the rain rate of 
a single storm during its lifetime.

V=S(t) ATI    with                                      .

The horizontal expected value (mean) of enclosed reflectivities at the ground: HMEAN, 
2 3HMEAN , HMEAN  

4The horizontal standard deviation of enclosed reflectivities at the ground: HSTD
5The fractional area in excess of the threshold t: (A(t)/(A )o

Results: 

 

The equation above provides, however, only very crude
rainfall estimates. We found, that the population distribution of  the rain
rate, and thus S(t), depends on further IRVDs: 

3The mean brightband fraction:  MBB

The temporal trend in the brightband fraction: RTBB

The orographic rainfall amplifier: ORO

S=fkt(t, IRVD ,IRVD ,...)1 2

Plenty of descriptors have been considered. The most promising
IRVDs are:

In Figure 2 the results of two models are presented. For model B we assume that no information about the wind profile and the surface
elevation is available. Consequently, the orographic rainfall amplifier ORO and the wind shear MSHEAR are not included in the pool of
potential regressors while for model A all descriptors are offered for detection. Model B (model A) explains 98.93% (99.25%) of the
remaining variance in V/ATI.  In 74 (79) out of 100 rain events the relative error is smaller than 10% in model B (model A). 

3The mean windshear MSHEAR

Figure 2: Relative errors in estimated precipitation sums
applying model A (red) and model B (blue).

Outlook: An evaluation of the models against real radar data and observational precipitation is the next important step.
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