Comparison of rain gauge data and C band weather radar rainfall estimation
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Abstract. In the first year of operation of Doppler weather radar of Tehran, 2007, until now we have had number of rainy days in Tehran. SRI product of Rainbow software of GEMATRONIK weather radar was used for measuring rainfall rate over rainy days, in November, 1 km above ground level.

At the same time rain gauge data were collected from Lambrecht AWS in the station in north of Tehran named Aghdasie. It is about 70 km far from the radar site in south of Tehran.

Comparison of curve of rain gauge data and curve of radar estimation, shows some different but still the curves show meaningful similarity.

Visually it can be seen that shape of the curves are generally similar, but it a shift in time exists.

Using cross-coloration function shows some lag in rain gauge data and it is reasonable because of travelling time of the rain drops from 1000 meter level.
1 Introduction
Radar network project in Iran have been started from 1998 with cooperation of WMO, in order to complete most important part of the country, 12 radars have been considered in network design. Tehran weather radar is one of the points of first phase and has been installed in 2007. It is dual-polarized radar and operates in C band.

It is klystron radar and has been made by GEMATRONIK.
Measurement of rainfall is the most important usage of the weather radar and SRI (surface Rainfall Intensity) product is more frequently used product of the radar.

It is important to clarify that radar measurement has a meaning full relation with measurement of rain gauges.

Following comparison has been made to show this relation and estimate match ness of rain gauge data and radar rainfall estimation in Tehran. 

2 Radar measurement
Radar data presents in form of SRI product of Rainbow software. The SRI generates an image of the rainfall intensity in a user-selectable surface layer. The SRI data are processed on this terrain-following layer, i.e. at a constant height above ground level. The ground heights are calculated from an orographical map (DEM model). The map is also used to check for regions, where the user-selectable surface layer is not accessible to the radar.
According to predefined schedule on Tehran weather radar, SRI product generates at minutes 0, 3, 10, 13, 20, 23, 30, 33, 40, 43, 50, 53 each hour.

Products are generated in XML format and are accessible via Rainbow software.

We had not many rainy days in this year in Tehran; we have used data of rainy days 20 to 25 of September 2007 for comparison.

Data have been extracted by means of rainbow software for one point in north of Tehran named Aghdasie.

Some of the radar products have been missed in this period, but available data is enough and has good consistency.

3 Rain gauge data

At the same period amount of precipitation were collected and registered by Lambrecht AWS, and data were transferred to IRIMO H.Q. by means of ICS (Information Collection System) – which has been designed and deployed by IRIMO. It uses a tipping bucket rain gauge which has the following technical info:

Bucket capacity: 2 cm3

Aperture area: 200 cm2

Resolution: 0.1 mm

Measuring range: 0…..10 mm/min

Operational temperature: -50 ……. +70

Automatic heater included

Data were collected and registered every one minute. Unit of data is millimetre. This data has to be converted to rain fall rate, with unit of millimetre per hour in order to be compare with radar data.

4 Data treatment

From source of radar we have rainfall rate at every 0, 3, 10, 13, 20, 23, 30, 33, 40, 43, 50, 53 minutes each hour while from rain gauge we have amount of precipitation every one minute.

For treatment of rain gauge data we consider ten sample width moving window, for averaging, so by averaging every sample with last nine samples, we will obtain average of rainfall rate with unit of mm/minute.
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While 
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is rain gauge sample and 
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 is averaged value.

To convert the unit it is enough to multiply 
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 to 60, to have rainfall rate in unit of mm/hour.
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While 
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is treated sample and represents rainfall rate, every minute with unit of mm/hour.

Radar data is rainfall rate, but not produce every minute, if following table shows 10 minute and every cell shows one sample we have data from radar in the filled cells:

Table (1): 
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 derived from SRI product of radar
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Empty cells can be filled in different method. Here we filled each empty cell by last measured value, and then following table will results:

Table 2: samples in between were filled with last value
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5 Data comparison

Figure (1) shows the values have been estimated with radar and rain gauge
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Figure (1): rainfall estimation by radar and by rain gauge.

In the middle part of the graph we have some missed data of radar.

Horizontal axis is time sample and each division shows 1 minute.

Vertical axis shows rainfall rate with unit of mm/hour

It can be seen in the graph that radar curve have a little lag but approximately follows the rain gauge curve.

To have an exact idea about lag time, we have examined cross-correlation method.

Cross-correlation function is given by:
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Finding the greatest value of
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 which is delay time.

Figure (2) shows cross-correlation of r[n] (radar data) and g[n] (rain gauge) data
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Figure (2): rainfall estimation by radar and by rain gauge and cross-correlation function

Cross-correlation function has two local maximum, first one belongs to matching of the second part of rain gauge data with first part of the radar data, as they have a similar shape. Second local maximum, which is marked in the figure (2), belongs to matching of two curves.

Calculations show that there are 8 sample delays between two curves, 8 samples means 8 minutes.

Because of travelling time of rain drops, it is expected to have some delay time between rain gauge and radar measurement.

Radar observation is 1000 meter above ground level, so it takes 
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For rain drops, to travel to ground.

If we consider this 8 minutes as falling time of the drops then the drops will have 2.1m/s falling speed
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Note that as our samples are every one minute, the speed may be 0.3 m/s more or less
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Total average of rainfall measurement by radar is 0.64 mm/h while by rain gauge it is 0.76.

Some part of this difference may belong to missed data of radar, which has been considered zero in this comparison.

The rest would be related to calibration of Z-R values.

6 Conclusion

Deployed treatment method and cross-correlation function are suitable for this type of comparison and sampling rate of one sample per minute is consistent.

Further research would be done for different level of SRI product and different rainfall rate to see their effect on delay time.

Averaging of the rainfall rate over a period of time would be useful for verification of system calibration.
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