
Study of the variability of the rainfall microstructure. A comparison using multi-sensor measurements.

9 General conclusions

This work has focused on analyzing the use of disdrometer measurements for modeling the

drop size distribution (DSD).

The DSD is a characterization of the microstructure of the rainfall, and is a mixture of two

different concepts; the number of raindrops in a certain volume and the distribution function of

the different raindrop sizes.

The introduction of the meteorological radar has been a fundamental step in

hydrometeorological applications. These instruments provide a sort of volumetric radiography

of the rainfall field in extended zones, in terms of reflectivity units. However, the variable of

interest in most of applications is the rainfall intensity.

Analytical formulation of the DSD is especially important to provide relations between

different rainfall variables such as radar reflectivity and rainfall intensity.

The measurement of the DSD is still a difficult challenge, since disdrometers, the instruments

that measure the DSD, still have important shortcomings in their performance. Disdrometers

can be classified in different types depending on the physical principle used to determine the

diameter of raindrops.

In this study three different types of disdrometers were used, through a field campaign that

was conducted at NASA Wallops Flight Facility, (Virginia) from May to August 2004.

• Joss-Waldvogel disdrometers, JWD (impact type): they presented problems in the

record of small drops, because of the presence of strong winds, and the dead time

effect, DTE (internal noise after the impact of a large drop, which stops the record of

any drop during a few milliseconds). JWD were also unable to determine the size of

very large drops.
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• Parsivel disdrometers (optical type): they presented the most reliable behavior,

particularly in windy conditions but were unable to record drops below 0.5 mm. For

some minutes these instruments detected drops larger than 8 mm, due to the

simultaneous sampling of two small drops.

• Precipitation Occurrence Sensor System disdrometers, POSS (radar type): they

presented poor agreement with the rest. They specially suffered from strong horizontal

winds, which increase the number of detected small drops. In deep convective rainfall

these instruments underestimated the entire spectrum. POSS disdrometers also did not

operate consecutive minutes in the presence of lightning.

Many studies have proposed analytical expressions for modeling the DSD. In that sense,

Sempere-Torres et al. 1994 proposed a scaling law formulation to model the DSD as a

function of the drop diameter and a reference variable. This theory was able to reproduce and

interpret all previous studies of the DSD. Thus, empirical power relationships between

different moments of the DSD are a consequence of the proposed scaling law.

Three different fitting processes are required in the normalization of the DSD. They have been

analyzed in more detail using our disdrometric data set.

• Power law fit between the reference variable and the different moments of the DSD. In

this process, the logarithmic fit showed more stable results than the non-linear

adjustment.

• Estimating the parameter . Due to the influence of disdrometric errors (especially in

the measurements of smaller and bigger drops), we only used moments from M1 to M6.

• Adjusting the parameters of the general function g(x). A non-linear fit has been used.

In the evaluation of the influence of the different disdrometric errors in the estimation of the

different parameters of the DSD the following conclusions arise:

• The background noise affecting JWD (wind effect and DTE) has shown up an

important effect on the estimation of . The correction of DTE partially solves this

problem. Failure on recording drops below 0.5 mm and presence of simultaneous drops

(optic instruments) have a minor effect on the estimation of parameter , and only

represent an increase of parameter LD. Important errors in POSS disdrometers turn

into an instability on the estimation of parameter .

• In terms of the estimation of , the non-linear method has shown up to be highly

influenced by problems on the record of small drops. In that sense, a new method is

proposed using the coefficients of power laws. It showed less dependence on the

disdrometric errors and a better agreement between the results fordifferent instruments.

This simple formulation has shown problems to fit a model for an event, which is a product of

different predominant rainfall types, being unable to collapse the normalized DSD in a single

plot. This led many studies to relate the parameter  with the rainfall type.

Other authors proposed a new approach introducing a second reference variable to capture the

natural variability of the DSD.
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Radar data is usually used to perform a pre-classification of the rain phases. Although the

radar data affecting Wallops Island during our field campaign was unavailable, an illustrative

event with two different rain phases has been studied.

In the single normalization analysis, two different models, coherent with the physical

interpretation of parameter , were obtained for the different periods of the event (a deep

convection and more stratiform periods).

The double normalization was able to collapse in a single plot both rainfall types. Thus, this

methodology loses the dependency on the rain type. Because of radar usually records one

integral variable of the rainfall, the double normalization is still a formal solution (however, it

seems interesting for the polarization capability, which starts its appearence in the operational

world).

It is also observed, that low intensities show a poor agreement in both normalization theories.

This could be attributed to the disdrometric problems in the detection of small drops, which is

the most common range of raindrop when light intensities.

9.1 Lines of future work

There is still work to do.

In terms of operational work, different lines should be followed in the future field campaigns.

In that sense, POSS instruments presented some problems derived from the operational tuning,

which affected the correct measurement of the DSD. It would be necessary to remake this

multi-sensor analysis once these problems are solved.

Also, horizontal wind speed has become important in the shortcomings of the different

instruments. Some wind protection should be adopted at Wallops Flight Facility in the future.

Radar data were, unfortunately, corrupted. Thus, we could not carry out an independent

separation of the rainfall type. Two different solutions could be adopted to solve this problem:

• Study the evolution of parameter obtained from different average moving windows to

identify changes in the precipitation regime. We have started with this study, but no

conclusions were found.

• Try to refine the radar data set from NEXRAD for an independent classification of the

rainfall type.

Different Z-R relationships depending on the rainfall type could be proposed with an accurate

separation of the precipitation regimes.

With radar data, we could have compared the rainfall accumulations estimated from the radar

using the proposed Z-R transformation, with the measurements obtained by the gauges.

In future works, it would be interesting to analyze the application in the use of the polarimetric

radars, in the double normalization to the estimate the rain rate. Another interesting exercise

would be to quantify the quality of the estimated DSD from polarimetric radar measurements.

It would also be worthy to introduce a methodology to quantify the noise in both

normalization models in order to compare them.




