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An enhanced precipitation accumulation algorithm for radar data
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Abstract. Conventional precipitation accumulation algo- rainfall accumulation fields from subsequent intensity data
rithms for radar data usually add up instantaneous precipitasamples is subject to another inaccuracy which is dependent
tion intensity fields multiplied with the time interval between mainly on the horizontal resolution of the radar data and the
the data samples. This method does not take into account thime step between the data samples.
propagation and development of the precipitation systems in Conventional accumulation algorithms usually just add up
the time between the data samples. As a consequence, thke subsequent intensity data, multiplied with the time step.
derived horizontal distribution of precipitation accumulation This means, for each horizontal grid point, the precipitation
gives wrong results; in particular for small-scale fast-moving accumulation A is calculated with
cells, when a clustering appears in the accumulation maps.

This paper presents an algorithm which derives infor- A = Z RiAt; )
mation about precipitation pattern movement and develop- i
ment using different tracking techniques or other radar datayhereR; is the precipitation intensity at the timg andAt;
sources. The vector field information is used to combine in-is the time step.
stantaneous precipitation intensity fields of subsequent radar \yjith Eqg. (1) being used, the precipitation intensity is as-
data samples by modelling the precipitation system developg,med to be constant at each horizontal grid point during the
ment between the samples. time between subsequent precipitation samples. This does

The results demonstrate the improvement of the precipitanot take into account the movement and development of pre-
tion accumulation fields. In a case study, the results of differ-cjpjtation systems. For example, a small rain cell passing a
ent techniques are compared with rain gauge measurementgrid point just within the time step between two subsequent
Computation time statistics are given which demonstrate thagamples would be lost completely at that point. The inaccu-
the different techniques can be used in real-time on standarghcies of this method increase with the time stefp and are
PC stations. larger for small-scale fast-moving precipitation systems than
for stratiform rain.

Figure 1 shows an example how the inaccuracies are re-
1 Introduction dyced usin.g shorter timg sFeps. The images show re_ldar de-

rived 75-minutes precipitation accumulations by adding up

Precipitation measurements by means of weather radar hd§€ rainfall intensities according to Eg. (1). The rainfall in-
become an important method during the past decades. Cofensities were derived from C-Band reflectivity data using
rections for several inaccuracies in the measurement of pred Z — R relation of Z = 200R". (This frequently used
cipitation intensity have been developed, e.g. for attenuatior? — £ relation is often referred to as “Marshall-Palmer”, e.g.
or bright band effects. When using reflectivity data, inac- N Battan (1973); however the equations presented in Mar-
curacies may occur due to a wroslg— R relation. Dual- shall and Palmer (1948) result in a slightly different relation
polarisation radars provide promising techniques to overof Z = 295R'*".) During the observation period, several
come most of this inaccuracies. showers crossed the radar area from Southwest to Northeast.
For hydrological application, the use of radar derived pre- " Fig. 1a, a time interval of 15 minutes was selected. The
cipitation intensity data is limited as well as the use of accu-result are random distributed small areas with high precipi-

mulation data which are usually needed. The processing ofation amounts surrounded by almost echo-free regions. For
the image of Fig. 1b, more than twice the data samples were
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FoLe T Z00T0BTETaT 2015, poe 16.08.2001 itation systems between subsequent data samples. A corre-
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sponding algorithm is described in this paper.

tis 1 2 Algorithm description
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v 0 The combination algorithm for radar data precipitation accu-
mulation consists of two step. First, a movement vector field
is derived for a radar data sample, using different techniques.
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START/STOP TIME:

e In a second step, the movement information is used to simu-
ol Eioh late the precipitation system development between two sub-
sequent radar samples.

e 2.1 Movement vector derivation

Renge: 100.0 km 16:14:20
T In the first step, the movement vectors of the precipitation
B systems have to be derived. Using radar data, this can be
E done by one of the following method:
B 1.00- 1,15
B o5 1.00
L — Cell centroid tracking algorithm. This methods pro-

oo a5 vides one vector for each identified precipitation cell

Neuss_German y center.

START/STOF TIME:
16,08,2001/14358
16.08,2001/16:14

— Cross-correlation tracking algorithm. For that method,
the radar area is subdivided into equally-spaced sub-
arrays, and one vector is resulting for each sub-array.

Rainbow (C)
by GEMATRONTK

b) At=6 min
T ¢ et e 16.08.2001 — Volume velocity processing (VVP, cf. Waldteufel and
oz Corbin, 1979) using Doppler radar data. One global
£ oo o movement vector is derived from the horizontal VVP
B e winds of low-tropospheric levels.
-
W 1.15- 1.30
|} 1.00- 1.15 . . .
B oo L — Uniform wind technique (UWT, cf. Persson and Ander-
0.55- 0,70 .
sson, 198_7)_usmg Doppler radar data. Fo_r an equglly-
T spaced grid in a low-tropospheric level, horizontal wind
FfEeE vectors are derived.
START/STOP TIME:
R
oo R RO« The latter two methods must be used with some caution

for the fact that the moving vector of precipitation echoes is
not necessarily identical with the wind vector derived from
c) at=1.5min Doppler data.

For the cross-correlation technique, it can be chosen be-
tween optimising for the following parameters: correlation
coefficient, mean absolute difference, standard deviation,
square mean root, and Canberra metrics (cf. Zgonc and
Rakovec, 1998).

The cell centroid tracking algorithm identifies regions,
where a user-configured intensity threshold is exceeded, as
regions with high and low precipitation alternate along the precipitation cells and correlates the cell centers of subse-
paths. In the last case (Fig. 1c), the time between the datguent samples.
samples was only one and a half minutes. The result is a Finally one (global) or more movement vectors can be
good reflection of the real precipitation swaths. specified by user or can be taken from other data sources.

Due to other operational requirements, scan repetitionThis technique however is convenient rather for offline case
times as short as about one minute are rarely possible. Instudies than for real-time application.
stead, time steps of 10 or 15 minutes are more common. In For each horizontal grid poiri? of the radar area, a move-
such cases, the precipitation accumulation algorithm shoulanent vectowp = (up, vp) is calculated from interpolation
take into account the movement and development of precipef the above derived vectors.

Fig. 1. Radar derived 75-minutes precipitation accumulation as-
suming constant rainfall intensity during each time step (a) At
=15 min, (b)At¢ =6 min, (c)At = 1.5 min.
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Fig. 2. Schematic sketch of the accumulation step. A precipitation
system passes a horizontal grid pathtPrecipitation contours from
the previous data sampl&{; dashed, grey) and the actual sample
(Rq; solid, black) are indicatedVp denotes the movement vector
for P.

2.2 Accumulation step

The precipitation accumulation step for the time interval be-
tween two subsequent radar data samples (at tigmesd

t1) combines for each horizontal grid poiit the corre-
sponding movement vecter, with the precipitation inten-
sity fields R, (z, y, t1) of the actual data sample and the field
Ro(x,y,t) of the previous sample. For the grid poiftthe
precipitation accumulatiod p is

ty
Ap= [ Rlopritidt, 2)

to

with R(xzp,yp,t) being the precipitation intensity &t at
the timet. R(xzp,yp,t) is not known and must be cal-
culated from the measured precipitation intensitigsand
R, at the corresponding locations,y = (xpo,ypo) and
sp1 = (xp1,yp1), @asSUmMing a constant change ratezof

t1 —t
t1 —to

R(zp,yp,t) = R(zpo,ypro,to)

t—t
> R(xp1,yp1,t1)
t1 —to

ot —t
At

+

t—to
—R
At 1(3P1)a

Ro(spo) + )

with At = t; — to being the time interval between the sub-
sequent data samples.
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Fig. 3. Radar derived 75-minutes precipitation accumulation by
combining the precipitation intensity data using cross-correlation
tracking. (a) Time step\t = 15 min, (b)At¢ = 6 min. The improve-
ment compared to Fig. 1 is obvious.

into (2), which yields an equation with known quantities:

vip :1 SlA_s R (5)ds @)
For this step, we used the following relations:
= gt Ve = s g =
e ©)

Figure 2 shows the situation schematically. The grid pointWith As = 5, — P = P — Sy. For numerical integration,

P and the moving vectoop (whereVp = |v,|) are indi-
cated. The pointspy andsp; from Eg. (3) belonging to
the timet are also given. As one can obtain from the im-
age, all precipitatior?y from the previous sample along the
path fromS, to P has passed the grid poift In the same
way, all precipitationR; from the actual sample along the
corresponding path frorf? to S; has passed.

the integral of (4) is replaced by a sum with a step widikth
equal to the data resolution; typically a few hundred meters.

3 Results

3.1 Radar precipitation accumulation

This means that the integral over the time from Eq. (2) canThe combination algorithm was first applied on the precipi-
be replaced by an integral over the path by substituting (3)tation intensity data which were used for the example of the
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Fig. 4. Radar derived precipitation accumulations with a time step
At = 6 min (except for case (f), wherA¢ = 1.5 min); using (a)
cross-correlation tracking, (b) VVP wind vectors, (c) UWT wind

vectors, (d) constant global vector, (e) and (f) conventional algo-
rithm.
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introduction. Figure 3 shows the results of the 75-minutes
precipitation accumulation using cross-correlation tracking.
For the results of Fig. 3a, a time step of 15 minutes was cho-
sen (same as for Fig. 1a), and for Fig. 3b a time step of 6
minutes (same as for Fig. 1b). One can see that in both cases
the resulting accumulations are good representations of the
real precipitation swaths. Some short-time developments,
however, are missed when using a time step of 15 minutes.
The accumulation using a 6 minutes time step thus showsig. 5. Radar derived precipitation accumulations of a 6-hours case
more structured details, and the consistence with that one aftudy with summertime thunderstorms. Time sfiepp= 10 min. (a)
Fig. 1c, where a time step of 1.5 minutes had been used, isonventional accumulation, (b) combination algorithm using cross-
better. correlation tracking. Locations of rain gauges are indicated by small
The accumulation distribution resulting from the combina- €ircles-
tion algorithm does not only depend on the time step, but also
on the method with which the movement vector information of the later parts of the sample period, only low-level clear-air

was obtained. Figure 4 presents image sectors for different ., o5 \ere available in the vicinity of the radar selected for
vector derivation methods. In each case, atime step of 6 mingy\/p anaiysis: and in the boundary layer the flow was rather
utes was “SeF’ (except for Fig. ‘_”)' Figure 4a ShOWS a SeCtq}r\/esterly giving wind vectors different from the precipitation
from Fig. 3b, i.e. the accumulation was derived using Cross-gy stem movement. This example demonstrates that velocity

correlation track_ing. The accumulat_ion data of Fig. 4,b "®"information has to be used with caution for radar echo pattern
sult from VVP wind vectors, and of Fig. 4c from UWT wind tracking

vectors. The data of Fig. 4d were obtained using a constant,
global vector for all time steps. For comparison, Figs. 4e and3 2  comparison with rain gauges
f show results using the conventional algorithm mentioned in
the introduction; for Fig. 4e, the time interval was 6 minutes In another case study, the precipitation accumulations de-
as in cases (a)—(d), and for Fig. 4f it was 1.5 minutes. rived from a C-Band radar were compared with ground-
The cross-correlation combination (Fig. 4a) provides goodbased data from a rain gauge network. The analysis sam-
results compared to the short-time interval accumulationple covered a period of 6 hours of a summertime thunder-
(Fig. 4f). Good results were also obtained using UWT wind storm situation. During this time, radar precipitation inten-
vectors (Fig. 4c) and using a constant global vector (Fig. 4d) sity data were available with a time step of 10 minutes. Fig-
The reason for that is the quite homogeneous wind field withure 5 shows the accumulation data (a) using the conventional
a southwesterly flow in mid-tropospheric levels. Therefore,algorithm, and (b) using cross-correlation tracking. The lo-
the precipitation systems were propagating more or less witttcations of the rain gauges are indicated by small circles. As
a constant moving vector. The accumulation derived usingdiscussed above, the conventional algorithm leads to a clus-
VVP wind vectors (Fig. 4b), however, provides not so good tering (Fig. 5a), whereas the cross-correlation technique pro-
results. This was caused by the fact that for the data samplesdes an accumulation field with cell paths oriented mainly
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02,06,1393/19:50
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Table 1. Mean bias factor, root mean square error and correlationTable 2. CPU statistics for the combination algorithm of a one-

coefficient for comparisons of the radar derived accumulations withhour accumulation (400 MHz Pentium Il PC). CPU times for the

rain gauge data different steps of the algorithm and total times are given. An asterisk
* at a number denotes that this value is highly variable depending

Parameter Accumulation algorithm on the weather situation
Conventional Cross- VVP UWT
correlation | wind vectors | wind vectors Algorithm step CPU times [seconds] for a one-hour
Mean bias factor 1.02 0.88 0.87 0.88 accumulation with time intervals Az of
Root mean square error 1.15 0.83 0.80 0.82 15 minutes | 6 minutes | 1.5 minutes
Correlation coefficient 0.48 0.61 0.64 0.62 Precipitation intensity from reflectivity 10 20 60
Accumulation step (conventional) 1 2 5
Vector derivation: cross-correlation 240* 300* 450*
Vector derivation: centroid tracking 4 10 35
from Southwest to Northeast (Flg 5b) Vector derivation: VVP wind vectors 10 25 90
When the radar derived accumulation data are compared|vecior derivation: UWT wind vectors 5 12 50
with rain gauge measurements, one can see that the differ-{ compination step accumulation 60* 80* 120%
ences between them are smaller in the case of the combinas 1ocar: conventional method 11 » 65
tion algorithm than for the conventional way (see Fig. 6). A | pol: cross-correlation p— AT J—
perfect correlation between radar and rain gauge data iS NOY g, ¢i. centroid tracking _— — -
reached, but cannot be expected due to e.g. uncertainties 0| ;... vvp wind vectors T~ — —
the Z — R relation and large horizontal gradients of the rain |1 . ywr wind vectors = — —
intensity. Table 1 lists the mean bias factor (sum of radar data
divided by sum of rain gauge data), the root mean square er-
ror (normalised to rain gauge average) and the correlation
cogfﬁuent for thg comparison of radar d'ata dgrlved precipi- Comparison Radar - Raingauge | 0 Standard
tation accumulation with _the correspondlng rain gauge mea- o CrossCorelation
surements. It can be noticed that all combination techniques
provide an improvement of the radar data precipitation ac-
cumulations: the correlation coefficient is increased and the 55 |
root mean square error is reduced compared to the conven oo
tional algorithm. The mean bias factor, on the other hand, o
changes from 1.02 for the conventional algorithm to values & 20 |
about 0.88, which means for the combination techniques ag o ¢
slight under-estimation of the radar data compared to the rain§ o o
gauge values. This effect can be explained by a few loca-¢g 15 -
tions with unrealistically high radar data accumulations for £ & .
the conventional algorithm. § e
For some rain gauges, the improvement is extraordinary. « .
Figure 7 shows enlarged sub-sectors from Fig. 5. The pre- o¢
cipitation in mm measured at the different rain gauges (in- 5 1 M
dicated by circles) are also given. One can see that for the o
conventional case (Fig. 7a), the radar derived accumulations
are for some rain gauges (‘KN’, ‘KW', ‘Ne’ and ‘Wi’) much 0 W o 9 ‘ ‘
too small, and for some others (‘Eg’, ‘Ep’) much too large. 0 5 10 15 20 25 30
Using the combination algorithm, the radar data are match- Precip. [mm] from Raingauge

ing much better (Fig. 7b).
Fig. 6. Scattergram of radar derived precipitation versus corre-
3.3 Computation time statistics sponding rain gauge data for the gauges indicated in Fig. 5. Open
squares for conventional radar data accumulation, solid rhombuses
The combination algorithm for radar data precipitation accu-for combination algorithm using cross-correlation tracking. The 1:1
mulation can be applied real-time on standard PCs or work.Matching line is also given.
stations. This is demonstrated by the figures from Table 2,
where the corresponding data are given for calculations on a
400 MHz Pentium 1l PC station of one-hour periods of the time: about 1 minute at most (for a one-hour period of 1.5-
presented case studies, i.e. for radar data images o&k500 minute time steps). The cross-correlation technique needs
500 pixels with a resolution about 0.5 km. The conventionalthe most CPU time (several minutes for the one-hour period),
accumulation algorithm according to Eq. (1) takes very fewbut in all cases less than about one quarter of an hour, which
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between radar samples. For the derivation of movement vec-
tors, different techniques have been presented.

The algorithm provides a significant improvement com-
pared to the conventional method which just adds up precip-
itation intensities multiplied with the time step. In a case
study, the results from the different techniques were com-
pared with rain gauge measurements. In all cases, the cor-

relation coefficient was increased and the root mean square
error was reduced compared to the conventional algorithm.

The CPU time consumption depends on the algorithm type
and on the weather situation. For the selected case studies,
the average CPU load on a 400 MHz PC would in all cases
be much less than 25 per cent for a real-time application of
the algorithm.

For hydrological applications, radar derived precipitation
accumulations are often adjusted with rain gauge data. This
should not be done for conventional accumulation algo-
rithms, because the errors of this methods are too large to
allow further guantitative analysis. Instead, accumulations
derived by combination algorithms should be adjusted.
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4 Summary and conclusions



