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Outline 

• Introduction and Motivation 

• Moving cars measuring rainfall – laboratory 

experiments 

• Areal rainfall estimation using RainCars – computer 
experiments including hydrological modeling 



1: Introduction and Motivation 

I. Rainfall is an important input for hydrological 
analyses. 

II. How to observe spatial rainfall variability? 

III. How trustable are the radar observations? 

IV. Would it make sense to seek for alternatives? 

V. Is it possible to use moving cars for measuring 
rainfall? 

 

 

 

(Flood in the Elbe river, Dresden Hbf, 2002) 

Hannover Weather Radar 



1: Introduction and Motivation 

VI. Rainfall data and areal rainfall estimation 
 
 
 
 
 
 
 
 
 

Areal precipitation is the precipitation depth averaged 
over a specific region with a defined area (DIN 4049). 
 



2: RainCars - laboratory experiments 



2: RainCars - laboratory experiments 
Why investigating moving cars as sensors measuring rainfall? 

I. They observed to be useful by Haberlandt and Sester 
(2010). 

Objectives: 

I. Deriving W-R relationships 

II. Investigating car speed influence 
 

How could be a RainCar look like? 



• Rainfall simulator 

• Sensor readings 

• Car-speed simulator 

 

 
Xanonex Hydreon 

Credit: Ehsan M. Pajooh 

2: RainCars - laboratory experiments 



Conclusion: 

I. A strong W-R relationship for manual wiper 
adjustment 

II. Promising results from optical sensors 

III. A relationship derived for compensating car speed 

IV. The sensors are good for indicating point rain rates 

 

2: RainCars - laboratory experiments 

colored lines: theoretical ratio 



3: RainCars - computer experiments  



3: RainCars - computer experiments  

Following the results of laboratory experiments: 

I. Is the accuracy of optical sensors sufficient for areal 
rainfall estimation as well as discharge simulation? 

II. What is the minimum required accuracy for RCs? 

III. What is the influence of having different number of 
RCs? 

 

Better assessment of the value of RainCars!  



• Study area and data: 

    [2006 to 2010] 

 

3: RainCars - computer experiments  
Böhme Nette 

Sieber 



Steps: 

 

 

3: RainCars - computer experiments  

Assumptions: 
1. Only larger roads on/and surrounding the study area are 

considered 
2. An average speed of 80 km/h is considered to calculate the 

number of cars 
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Evaluation: 

RainCars 

• Areal rainfall estimation 

• Discharge simulation 

 

 

 

 

 

Böhme Nette Sieber 

Rain gauge network RMSE(m3/s) 0.98 2.8 0.51 

5% RainCars RMSE(m3/s) 0.57 0.76 0.37 

3: RainCars - computer experiments  



Evaluation: (Simulated discharge) 

1. Different RainCars density (Lab uncertainty) 

Ehsan Rabiei, M. Sc., 27.06.2016 

 

St. 1% 2% 3% 4% 5% 

Böhme RMSE(m3/s) 0.98 0.66 0.6 0.61 0.6 0.57 

Nette RMSE(m3/s) 2.8 1.01 0.84 0.67 0.73 0.76 

Sieber RMSE(m3/s) 0.51 0.55 0.58 0.53 0.48 0.37 

St. σ2=0.0 σ2=0.01 σ2=0.021 
[Lab] 

σ2=0.04 σ2=0.09 

Böhme RMSE(m3/s) 0.98 0.34 0.38 0.57 1.05 2.64 

Nette RMSE(m3/s) 2.8 0.65 0.52 0.76 1.56 4.19 

Sieber RMSE(m3/s) 0.51 0.37 0.36 0.37 0.43 0.71 

Evaluation: (Simulated discharge) 

2. Different uncertainty (5% scenario) 
 

3: RainCars - computer experiments  



Conclusions: 

1. Improvement of the quality of modeled areal rainfall 
and the corresponding discharge simulation by 
RainCars  

2. RainCars were observed to be useful up to a certain 
level of uncertainty 

3. RainCars density was observed to be an influential 
factor, depending on the catchment characteristics  

 
 

 
 
 
 

Ehsan Rabiei, M. Sc., 27.06.2016 

 

3: RainCars - computer experiments  



Thanks for your attention! 
 
 

Ehsan Rabiei, M. Sc., 27.06.2016 
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