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INTRODUCTION

• Precipitation from weather radar:
a support for hydrological processes modelling

(Einfalt, 2005)
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INTRODUCTION

• Due to the sources of error to which this
measurement is subject, the quality of the data
needs to be improved with corrections based on
rainfall observations

Ochoa‐Rodriguez (WRR, 
2019)
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Beam Attenuation
Storms closest to a radar site reflect or absorb radar energy

Electromagnetic Interference

Blocking Beam
Hills and mountains can block a radar beam and leave noticeable gaps in the pattern

Credit: https://www.canada.ca/en/environment-climate-change/services
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CONTEXT

Soil Erosion under extreme rainfall events: Detecting 
and modelling using a Radar- Runoff-Nowcasting-

System
ü Fellowship MSCA – EUROPEAN COMMISSION - Horizon 2020

Department of Earth Science, University of Florence

2022-2024
University of Florence

High Value:

Extreme rainfall

Regional meteo-data network

Rainfall by rain gauges

X-band radar

Rainfall by radar

High-definition spatial and temporal scale, dynamic follow-up of the events

Quantifying the effect of heavy rainfall on soil erosion:
use of radar data and rainfall observations
Modeling soil erosion and runoff at regional scale

Objective:
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OBJECTIVES

à Sub-hourly and daily data of a selected number of rainfall events

The methods we have adopted include:

1) Kriging with External Drift (KED) (Wackernagel 1998)
2) Probability-Matching-Method (PMM, Rosenfeld et al., 1994)
3) Adjusted Conditional Merging (Sinclair-Pegram, 2005), mixed Kriging method (ADj-DPCN) made available by the

DPCN (National Department of Civil Protection)

We didn’t adopt Marshall-Palmer equation

à Comparison between three different procedures for combining radar and rainfall data on
the regional territory
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DATASET

These methods have been applied on the territory of the Tuscany Region using:

• Precipitation recorded by rain gauges with a time frame of 15' (about 800 gauges)
• CAPPI (DPCN) (Constant Altitude Plan Position Indicator) (dBZ, Reflectivity) reflectivity images at

altitudes 2000/3000/5000 m, with 10' sampling time
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METHODS

1. Kriging with External Drift (KED)

The interpolation is carried out using the data
observed by the rain gauges with kriging in the
presence of a spatial trend, here represented by
the radar reflectivity (kriging with external drift).
In KED, the forecast in the new positions is given
by:

ZKED(S0)	= ∑!"#$ ($%&' )0 . +(),) 

ZKED(S0)	= -0T.z

Where Z is the objective variable, z is the vector 
of n observations at the original positions, S0 is 
the new positions, and δ0 is the vector of the 
weights KED (($%&').
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e.g. caculated variogram over a single frame 01.04.22 03h00



METHODS

The PMM method (Rosenfeld et al., 1993, Piman
et al., 2007) relates non-synchronous radar-
CAPPI reflectivity pairs and rainfall intensities
measured in rain gauges through a Z-R
relationship based on the respective CDFs
(cumulative distribution functions):

where P(R) and P(Z) are the probability density
function of the rainfall intensities measured by
the rain gauge and the reflectivity values
measured by the radar, respectively.

2. Probability Matching Method (PMM)
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METHODS

3. Adjusted Conditional Merging (ADj)

The Adjusted Conditional Merging technique (Ehret
2002; Sinclair-Pegram, 2005), based on elaborations
available at the DPCN (National Department of Civil
Protection), uses an Ordinary Kriging (e.g. Cressie,
1991) for the observed data. The relative differences,
detected locally (Marshall-Palmer relation) by the
radar reflectivity field (Kriged interpolated on the
same spatial grid), are then added to the model.

from
 Brendt et al., 2014
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METHODS

1. Validation with L-O-O for PMM and KED methods
2. Analysis of variance and explanatory coefficients based on differences (residuals) between different methods:

BIAS, RMSE (Root Mean Square Error), MAD (Median Absolute Deviation), non-parametric K-S indexing
(D, Kolmogorov-Smirnov), Cumulative Distribution Function (CDF) comparison

3. Visual pattern comparison.

Rain-fields comparison (i.e., 30 mins step)

KED - PMM

KED – Adj

PMM - ADj

Δi  = 
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RESULTS

1. Validation with L-O-O for KED method
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01.04.2022 (medium rainfall) (1)

1. Kriging with External Drift (KED)

- single leave

- 10% leave



RESULTS

1. Validation with L-O-O for PMM method
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01.04.2022 (medium rainfall event) (1)

2. Probability Matching Method (PMM)

- single leave

- 10% leave



• 3. RMSE /BIAS time series (30-minute) between KED-PMM, KED-ADj and PMM-ADj

01.04.2022 (Medium rainfall) (1) 18.08.2022 (High raingall) (2)
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RESULTS



01.04.2022 (Medium rainfall) (1)

First results on some case studies
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Sub-hourly (30min) series of BIAS
and  RMSE (differences in rain 
between methods) shows:

1. Slightly negative BIAS for PMM-
Adj (underestimation of rainfall 
due to cumulative R-Z 
relationship in PMM i.e. no 
spatial structure

2. Positive BIAS KED-PMM 
influence of major KED forcing 
at the observed points (rain 
gauges)

3. RMSE rises in intervals with 
high-rain-intensity (dark blue 
dash) (i.e. high signa  
extension) 

4. Low RMSE between KED/PMM, 
High RMSE values between KED 
– PMM and ADj (systematic?)
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18.08.2022 (High rainfall) (2)
Sub-hourly (30min) series of 
BIAS and  RMSE (differences in 
rain between methods) shows:

1. Slightly negative BIAS for 
PMM-Adj (underestimation 
of rainfall due to cumulative 
R-Z relationship in PMM)

2. Positive BIAS KED-PMM 
influence of a forcing at the 
measuring points (rain 
gauges)

3. RMSE rises in intervals with 
high-rain-intensity (dark 
blue dash) (i.e. high signal 
extension) 

4. Low values of RMSE 
differences between the 
two PMM methods – Adj
(Strong influence of radar in 
methods?)  

First results on some case studies
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RESULTS

01.04.2022 (medium rainfall) (1) 18.08.2022 (high rainfall) (2)

• Case study

3. Visual comparison radar rainfall VS rain gauge interpolation
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1. Radar Shadows Not Addressed by ADJ and PMM
2. Local anomalous radar data (unwanted radar echo)1 1

1

2

Cumulated @day (mm) 01.04.2022CAPPI                                                                                           ADj

KED                                                                                              PMM

Interpolated gauges (IDW)

01.04.2022 (Medium rainfall) (1)

à Matching with SRIAdj performance maps (DPCN)
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RESULTS



RESULTS

1. Radar shadow areas with Adj and PMM 
methods 

2. More balanced response than KED

18.08.2022 (high rainfall) (2)

Cumulated @day (mm) 18.08.2022CAPPI                                                                                         ADj

KED                                                                                              PMM

Interpolated gauges (IDW)

12

11
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CONCLUSIONS

• In general, there is a different response of the performance depending  on the type of rain due to the 
gauges/radar interaction, it should be considered in the choice of the model for relative advantages and 
disadvantages

• In validation recursive 10% L-O-O procedure allows to extract 5 and 95% confidence bands for prediction, that, 
interpolated with the same method can give images of respective bounds.

• The elaborations produce different spatial reconstructions depending on the procedure applied, closer to radar 
variability when using PMM and ADj-DPCN, more responding to the raingauge data adopting KED

• The ADj-DPCN methodology seems not show an upper limit effect due to the spare raingauge observations thanks to 
the contribution of the radar component (i.e., Marshall-Palmer), which is additive in the procedure, a limit instead
present in PMM
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Thank you
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