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Atmospheric system

Precipitation is a complex processes which  
depends on several factors. 

(Rainfall fields is used as an indicator) 

It is a chaotic - stochastic system.  
Predictability limits.

How can we predict the evolution of the rainfall field?



Motivation
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Atmospheric system

Precipitation is a complex processes which  
depends on several factors. 

(Rainfall fields is used as an indicator) 

It is a chaotic - stochastic system.  
Predictability limits.

Numerical Weather 
prediction

(Primitive equations)



Analogs idea
Lorenz (1969, 1973) proposed an ingenious 
method of studying classical atmospheric 
predictability using naturally occurring analogs 
from past records of atmospheric observations. 
He proposed that if it were possible to find two 
rather closely resembling atmospheric states, the 
rate which the differences between the two 
states growth would give a measure of the 
classical predictability error growth.
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Atmospheric system

Precipitation is a complex processes which  
depends on several factors. 

(Rainfall fields is used as an indicator) 

It is a chaotic - stochastic system.  
Predictability limits.

Numerical Weather 
prediction

(Primitive equations)

Analogues approach
(Observations)
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Atmospheric system

Numerical Weather 
prediction

(Primitive equations)

Analogues approach
(Observations)

Is it possible to realize a forecast in a high dimensional system? 

Do we have a long enough dataset for searching analogues?



Temporal resolution : 15 minutes

Spatial resolution: ~4 km x 4 km

Grid: 512 x 512 points

Length data period: 10/1995 to 06/2015

587,680 fields in a total of 20 years of data

Dataset

 

 
MMMcccGGGiiillllll   

Department of Atmospheric and  
Oceanic Sciences. 
McGill University 
805 Sherbrooke Street West 
Montreal, Quebec, H3A 2K6 

Département des sciences 
atmosphériques et océaniques. 
Université McGill 
805, rue Sherbrooke ouest 
Montréal, Québec, H3A 2K6 

Tel: (514) 398-1034 
 
Fax: (514) 398-6115 
 

isztar.zawadzki@mcgill.ca 

  
 
        Montreal, 18 October 2010 
 
Aitor Atencia Ruiz de Gopegui 
Departament of Astronomy & Meteorology 
Faculty of Physics. University of Barcelona 
Av. Diagonal 647, 7a planta. E-08028 BARCELONA (Spain) 
Office 727 

Dear Mr. Atencia: 

 As previously discussed I can now confirm my offer of a Post-Doctoral position at 
the Department of Atmospheric and Oceanic Sciences of McGill University.  The offer is 
for one year starting in the first quarter of 2011, soon after the completion of you Ph. D. 
program.  The renewal for a second year is subject to mutual accord and to the 
availability of funds, but a two-year commitment is desirable for a fruitful and productive 
stay at our facilities.  Judging from past experience funding for the second year should 
be forthcoming.  The annual salary is $45,000 Canadian. 

 During your stay you will be expected to work in the area of short term 
forecasting (nowcasting).  In particular I would like you to lead the effort in establishing a 
relationship between synoptic scale circulation and precipitation patterns using the 
method of analogues for the classification of the two sources of information.  You will 
also help in the supervision of graduate students, particularly those working in areas 
close to your experience. 

 I am closely collaborating with colleagues from the department and you will be 
encouraged to do so as well.  This makes for a particularly rich research environment. 

 I hope that you will accept this offer and I am looking forward toward a rewarding 
collaboration. Sincerely yours 

 

 
 Isztar Zawadzki, Emeritus Professor 
 Department of Atmospheric and Oceanic Sciences 

McGill University 



Dataset

 

 
MMMcccGGGiiillllll   

Department of Atmospheric and  
Oceanic Sciences. 
McGill University 
805 Sherbrooke Street West 
Montreal, Quebec, H3A 2K6 

Département des sciences 
atmosphériques et océaniques. 
Université McGill 
805, rue Sherbrooke ouest 
Montréal, Québec, H3A 2K6 

Tel: (514) 398-1034 
 
Fax: (514) 398-6115 
 

isztar.zawadzki@mcgill.ca 

  
 
        Montreal, 18 October 2010 
 
Aitor Atencia Ruiz de Gopegui 
Departament of Astronomy & Meteorology 
Faculty of Physics. University of Barcelona 
Av. Diagonal 647, 7a planta. E-08028 BARCELONA (Spain) 
Office 727 

Dear Mr. Atencia: 

 As previously discussed I can now confirm my offer of a Post-Doctoral position at 
the Department of Atmospheric and Oceanic Sciences of McGill University.  The offer is 
for one year starting in the first quarter of 2011, soon after the completion of you Ph. D. 
program.  The renewal for a second year is subject to mutual accord and to the 
availability of funds, but a two-year commitment is desirable for a fruitful and productive 
stay at our facilities.  Judging from past experience funding for the second year should 
be forthcoming.  The annual salary is $45,000 Canadian. 

 During your stay you will be expected to work in the area of short term 
forecasting (nowcasting).  In particular I would like you to lead the effort in establishing a 
relationship between synoptic scale circulation and precipitation patterns using the 
method of analogues for the classification of the two sources of information.  You will 
also help in the supervision of graduate students, particularly those working in areas 
close to your experience. 

 I am closely collaborating with colleagues from the department and you will be 
encouraged to do so as well.  This makes for a particularly rich research environment. 

 I hope that you will accept this offer and I am looking forward toward a rewarding 
collaboration. Sincerely yours 

 

 
 Isztar Zawadzki, Emeritus Professor 
 Department of Atmospheric and Oceanic Sciences 

McGill University 

  There are ~4.5•1010  
 possible combinations (states) of rainfall fields. 
(We have only 587,680 rainfall images ~ 0.001% )

The domains has 512 x 512 pixels but only 212’394 of 
them are rainfall data because of the radar coverage.

Phase space is a space in which all 
possible states of a system are represented.

There is no enough data to obtain close enough states 

Van den Dool (1994) concluded that it is needed  
1030 years to obtain analogues that match to  

within current observational errors

http://en.wikipedia.org/wiki/Space_%28mathematics%29
http://en.wikipedia.org/wiki/System
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Working hypothesis
Do we need that the obtained analogues match  

within current observational errors?

-Experiment: Lorenz 63 model (three coupled differential equations)

• Approximated model: The same model with different model 
parameters but EXACTLY the same initial conditions. 

• Analogues: The same model with EXACT model parameters but 
different initial conditions. These results reflect the DEPENDENCE 
ON INITIAL CONDITIONS.

The NWP equations are approximations of the system, so the 
model could have also errors in the forecast due to these 

approximations in the equations.



Super-exponential
growth
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Saturation

Model parameters:

Param Model 1 Model 2

σ 10 9.995

ρ 28 27.5

β 8/3 8.02/3

We have tried to reduce the error in the parameters to obtain a 
similar behaviour than the other predictability. The slope has not a 
exponential behaviour yet. Different chaotic dynamics.
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The predictability depends on the initial 
conditions - on the position in the attractor

from Aitor Atencia following the methodology of Kalnay et al.  (2004)

Case-to-case variability of predictability

Monday, August 18, 2014
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Working hypothesis



Motivation
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Atmospheric system

Numerical Weather 
prediction

(Primitive equations)

Analogues approach
(Observations)

Is this hypothesis still valid for high dimensional systems? 

Is it any predictability skill in the past observations?



Temporal resolution : 1 hour

Spatial resolution: ~4 km x 4 km

Grid: 512 x 512 points

Lead-time of forecast: 24 hours 

Forecast period: 26 events (30 April to 12 June)

26 members with different perturbations

NWP ensemble forecast
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Model outputs: available from CAPS using the WRF,  Advanced 
Research WRF core (ARW)

Full resolution radar data from the nationwide WSR88D radar 
network (both reflectivity and radial wind) were analyzed into the 

ICs using the ARPS 3DVAR and Complex Cloud Analysis 
package (Hu et al. 2006).

Ensemble 
code

Radar data 
assimilation

IC/LCB  
perturbations

Physics 
perturbations

c0 NO NO NO
cn YES NO NO

m3-m15 YES YES YES
m16-26 YES NO YES



Analog searching technique
Selection of analogues: 

1. Spatial correlation → Rainfall patterns 

2. Location → Geographical factors 

3. Temporal correlation → Motion & evolution 

4. Time of the day and of the year → Diurnal/
Annual cycle 

5. Synoptic situation → Large scale forcing
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Distance Dynamics Large-scale forcing

local dynam
ic analogs  

(Li and D
ing, 2012)



1. Spatial cross-correlation → Rainfall pattern
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2. Location → Geographical factors
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The 50 pixels area of search was selected initially. The 
140 was obtain to maintain the correlation of the smooth 
DEM with the actual DEM.

Analog searching technique
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3. Temporal correlation → Motion & evolution
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4. Time of the day and of the year → Diurnal/Annual cycle

Analog searching technique
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5. Synoptic situation → Large scale forcing
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There are three main factors needed 
in rainfall occurrence: instability, 
moisture and forcing. 
 

In order to select these variables, a 
study of many different variables has 
been carried out. While this study 
indicated some sensitivity to the 
choice of variables, temperature at 
500hPa, pressure vertical velocity 
at 850 hPa and humidity at 700 hPa 
were found most appropriate to 
characterize the spatial distribution of 
rainfall. 
In this step these three variables are 
compared by computing the root 
mean square error to check if the 
external large scale forcing is similar 
for the analogues selected.

Analog searching technique
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Comparison of both forecasts
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A. Deterministic indexes: 

A. Correlation 

B. Skill and Spread 

C. Scales in the mean 

B. Probabilistic indexes: 

A. Brier Score 

B. ROC Area under the curve

Similarity of patterns 

Errors and reliability 

Decorrelation

Skill of probability 

Discrimination



Deterministic comparison
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POD =
hit

hit +miss
(3)

180

FAR =
f alse alarm

f alse alarm+ correct negatives
(4)

These indices are computed by using a set of increasing probability thresholds (for example,181

0.05, 0.15, 0.25, etc.) to make the yes/no decision for the ensemble forecast. The ROC area182

score’s range takes values from 0 to 1. 1 stands for a perfect forecast and values lower than183

0.5 indicate no forecast skill.184

4. The spread of an ensemble of members at a particular forecast time step is measured as:185

Spread =

vuut 1
Np(Nm �1)

·
Np

Â
i=1

Nm

Â
j=1

( fi j � f̂i)2 (5)

where Np is the total number of points of the domain, Nm is the number of ensemble members,186

fi j stand for i pixel of the jth ensemble member (Fj) and f̂i is the mean of the ensemble187

members at a given pixel i.188

According to Whitaker and Loughe (1998), the ensemble spread (equation 5) should be sim-189

ilar to the skill of the ensemble mean measured by the root mean square error (RMSE) to190

ensure a correct representation of the forecast uncertainty. This equality relation comes from191

the idea that in a perfect ensemble, any of the members should be indistinguishable from the192

truth and the truth could be one of the members. The way you measure the variability between193

the members is in terms of the standard deviation (average difference between the members194

and the mean), and as the truth is equivalent to any of the members, the RMSE (eq. ??) of the195

mean should be the standard deviation.196
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RMSE =

vuut 1
Np

·
Np

Â
i=1

(zi � f̂i)2 (6)

where Np is the total number of points of the domain, f̂i is the mean of the ensemble members197

at a given pixel i and zi is the i pixel value of the observed radar field Z.198

5. The decorrelation scale (Surcel et al. 2014) of the ensemble mean: This measurement com-199

pares the power spectrum of two fields and determines the largest scale which is totally decor-200

related between them. In order to determine which scales are decorrelated, the power ratio is201

defined as:202

R(l ) = Pobs(l )
PEM(l )

(7)

Pobs and PEM are the power spectrum obtained for a given scale l using Fourier decomposition203

of the observed reflectivity field and the ensemble mean reflectivity field respectively.204

The ratios are larger than 1 at the scales where the observation has more variance than the205

ensemble member. The power ratios change with scale, decreasing toward 1 at the largest206

scales. This ratio is larger than 1 and constant at smaller scales. The scale S0 at which the207

ratio starts to decrease following a power law is the cut-off scale that defines the decorrelation208

scale. This determines at which scales the ensemble mean is correlated with the observation.209

The information obtained can be understood as the scale the ensemble mean is representative210

in comparison with a real rainfall field as the observed reflectivity.211

4. Results212

The comparison between the analogues based forecast and the NWP forecast is shown in this213

section. The results are separated in four subsections. The first one deals with the original resolu-214
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Environmental Satellite (GOES) were processed by the
cloud analysis scheme to retrieve hydrometeor information.
Radar radial velocity data and data from the Oklahoma
Mesonet, METAR, and wind profiler networks were as-
similated with the ARPS 3DVAR (Johnson et al. 2014).

2) MAPLE LP FORECASTS

The LP forecasts analyzed in this paper were produced
with the McGill Algorithm of Precipitation Forecasting
by Lagrangian Extrapolation (MAPLE; Germann and
Zawadzki 2002). These are very-short-term precipitation
forecasts produced using an extrapolation-based tech-
nique that employs the variational echo tracking (VET)
algorithm (Laroche and Zawadzki 1995) to estimate the
motion field of precipitation and a modified semi-
Lagrangian backward scheme for advection. MAPLE
was run using the National Severe Storms Laboratory
(NSSL) 2.5-km height rainfall maps described below to
generate 8-h forecasts initialized every hour with a tempo-
ral resolution of 15min. For the analysis of hourly rainfall
accumulations, maps of radar reflectivity Z are converted
into rain rate R according to Z 5 300R1.5, and then in-
stantaneous reflectivity maps every 15min are averaged to
obtain radar-derived hourly rainfall accumulations.

b. Precipitation observations

The precipitation observations used in this study areU.S.
radar reflectivity mosaics at 2.5-km altitude generated by
NSSL (Zhang et al. 2005) every 5min and mapped with
a spatial resolution of 1 km. For the analysis of hourly
rainfall accumulations, observed reflectivity maps every
15min have been processed to obtain maps of hourly
rainfall accumulations as in the case of MAPLE.

3. Methodology

Given Xi, Xj, (i, j 5 1, . . . , N) precipitation fields and
assuming their variance is defined, the following holds:
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Note that if (2) stands for two fields (N 5 2), this also
means that the variance of the error between the fields

exceeds the variance of the mean of the fields. We are
interested in the scale dependence of the predictability
of precipitation. Hence, we will investigate whether
there are scales at which various precipitation forecasts
are fully decorrelated. To do so, we verify whether (2)
holds for variances of the precipitation fields at certain
wavelengths. That is, let PXi(l) be the variance of field
Xi at scale l. We define the power ratio as

R(l)5
!
N

i51
PX

i
(l)

PXT
(l)

, (3)

whereXT 5!N
i51Xi, and search for l such thatR(l)5 1.

To obtain the variance of a precipitation field at a given
scale, we compute the power spectrum using the discrete
cosine transform (DCT; Denis et al. 2002). This trans-
form is equivalent to the fast Fourier transform (FFT),
but it is preferred as it eliminates the problems associ-
ated with discontinuities at the boundaries of the do-
main. The values for R(l) vary between 1, which
represents complete decorrelation between the fieldsXi

at scale l, and 1/N, which represents perfect resemblance
between the fields at scalel. To illustrate this, Fig. 2a shows,
R(l)5!9

i51PXi(l)/PXT (l), where XT 5!9
i51Xi and Xi

are precipitation forecasts of hourly accumulations
from the nine radar data–assimilating ensemble mem-
bers at 1000 UTC 24 April 2008. While the R(l) curve
is noisy, the figure indicates that R(l)5 1 for
l, l0 5 76 km (red circle in Fig. 2a), indicating the
complete decorrelation between the ensemble mem-
bers for this range of scales. Also, for l. l0, the ratio
decreases toward 1/9 without reaching this value. Surcel
et al. (2014) mentioned that the decorrelation scale
increases with forecast lead time. Therefore, Fig. 2b
shows l0 as a function of lead time for 24 April 2008.
The value of l0 was determined by finding the largest l
for whichR(l)$ 0:95. The threshold of 0.95 was chosen
rather than 1 as it was found to eliminate some of the
noise in determining the decorrelation scale, without
introducing any significant bias. Alternatively, l0 could
be determined as the intersection between two linear
fits: R(l)5 1 for l, l0 and R(l)5 alb for l.l0.
However, this method was showing very similar results
while it wasmore sensitive to the noise in theR(l) curves.
While the l0(t) curve is somewhat noisy, it shows that
the decorrelation scale is increasing with forecast lead
time, reaching around 300 km at the end of the forecast
period. The decorrelation scale can be determined for
each different precipitation event, and averages of l0
together with its standard deviation can be presented to
have an estimate of the variability of the l0 values. To
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eliminate some of the noise in the l0(t) curve, a 3-h
running mean is applied for each of the plots of l0(t)
versus t presented in the paper.
This methodology can be applied for any number of

precipitation fields, even though the smaller the number
of precipitation fields, the noisier the l0 estimates.
However, we will use this methodology to examine not
only the decorrelation scale between only two ensemble
members (predictability of the model state), but also the
decorrelation between forecasts and observations (pre-
dictability of the atmospheric state by a certain model).
Section 4 presents the results of applying this method-
ology to the 2008 dataset.
The decorrelation scale l0 represents the upper limit

of the range of scales where there is a complete lack of
predictability using a certain forecasting method. This
methodology does not provide any information about
the degree of predictability at scales larger than l0; it
simply shows that there is some predictability at those
scales. A measure of the predictability for scales l. l0
could be the value of R(l) in Fig. 2a since this value
depends on the covariance term on the right-hand side
of (1).
The decorrelation scale could similarly be obtained by

investigating the range of scales over which two fore-
casts are decorrelated. However, that would involve
decomposing the precipitation fields in different scale
components using decomposition methods such as DCT
or FFT or theHaar wavelet transform (Casati et al. 2004;
Germann et al. 2006; Johnson et al. 2014). DCT or FFT
bandpass-filtered rainfall fields are strongly affected by
the Gibbs effect and thus would make such computa-
tions impossible. Haar filtering is less prone to Gibbs
effects (Turner et al. 2004), but the Haar transform

imposes a coarse sampling in scale. Predictability esti-
mates for LP precipitation forecasts were obtained in
this way by Germann et al. (2006), and we will discuss
the comparison to their results in section 4c.

4. Results

This section presents the results obtained by applying
the above methodology to precipitation forecasts and
observations from 22 cases during spring 2008. This set
of cases has been previously analyzed by Surcel et al.
(2010) and Berenguer et al. (2012), who have shown that
the period was dominated by large-scale precipitation
systems that nonetheless exhibited a marked diurnal
cycle. Figures 3 and 4 illustrate the 22 cases in terms of
the evolution of the power spectra of hourly rainfall
fields derived from radar and in terms of radar-derived
total accumulations for the entire time period (30 h). As
shown by the power spectra (left panels), most cases
show a clear diurnal cycle in the evolution of the sta-
tistical properties of the precipitation fields, with vari-
ance decreasing at all scales with time from 0000 UTC,
reaching a minimum during early afternoon, and then
beginning to increase again through the evening. This
diurnal signal can affect evaluationmetrics, as evident in
Johnson et al. (2014, their Figs. 6, 8, and 11), and can
make it difficult to analyze the evolution of skill with
lead time. This problem is avoided in our analysis, as the
decorrelation scale is computed from a power ratio, thus
removing the effect of the large changes in the variance
of a precipitation field with the time of day. The results
presented in this section are usually averaged over the
entire dataset, but the case-to-case variability is also
addressed wherever relevant.

FIG. 2. (a) The power ratio for hourly accumulations from the nine-member ensemble at 1000 UTC 24 Apr 2008
(10-h lead time). The red filled circle indicates the scale (76 km). (b) Decorrelation scale as a function of forecast lead
time for 24 Apr 2008.
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Environmental Satellite (GOES) were processed by the
cloud analysis scheme to retrieve hydrometeor information.
Radar radial velocity data and data from the Oklahoma
Mesonet, METAR, and wind profiler networks were as-
similated with the ARPS 3DVAR (Johnson et al. 2014).

2) MAPLE LP FORECASTS

The LP forecasts analyzed in this paper were produced
with the McGill Algorithm of Precipitation Forecasting
by Lagrangian Extrapolation (MAPLE; Germann and
Zawadzki 2002). These are very-short-term precipitation
forecasts produced using an extrapolation-based tech-
nique that employs the variational echo tracking (VET)
algorithm (Laroche and Zawadzki 1995) to estimate the
motion field of precipitation and a modified semi-
Lagrangian backward scheme for advection. MAPLE
was run using the National Severe Storms Laboratory
(NSSL) 2.5-km height rainfall maps described below to
generate 8-h forecasts initialized every hour with a tempo-
ral resolution of 15min. For the analysis of hourly rainfall
accumulations, maps of radar reflectivity Z are converted
into rain rate R according to Z 5 300R1.5, and then in-
stantaneous reflectivity maps every 15min are averaged to
obtain radar-derived hourly rainfall accumulations.

b. Precipitation observations

The precipitation observations used in this study areU.S.
radar reflectivity mosaics at 2.5-km altitude generated by
NSSL (Zhang et al. 2005) every 5min and mapped with
a spatial resolution of 1 km. For the analysis of hourly
rainfall accumulations, observed reflectivity maps every
15min have been processed to obtain maps of hourly
rainfall accumulations as in the case of MAPLE.

3. Methodology

Given Xi, Xj, (i, j 5 1, . . . , N) precipitation fields and
assuming their variance is defined, the following holds:

Var

 

!
N

i51
Xi

!

5 !
N

i51
Var(Xi)1 !

i6¼j
Cov(Xi,Xj) . (1)

If the fields Xi, Xj are fully decorrelated, then
Cov(Xi, Xj)5 0 for all i 6¼ j. It follows that

!
N

i51
Var(Xi)

Var

 

!
N

i51
Xi

!5 1. (2)

Note that if (2) stands for two fields (N 5 2), this also
means that the variance of the error between the fields

exceeds the variance of the mean of the fields. We are
interested in the scale dependence of the predictability
of precipitation. Hence, we will investigate whether
there are scales at which various precipitation forecasts
are fully decorrelated. To do so, we verify whether (2)
holds for variances of the precipitation fields at certain
wavelengths. That is, let PXi(l) be the variance of field
Xi at scale l. We define the power ratio as

R(l)5
!
N

i51
PX

i
(l)

PXT
(l)

, (3)

whereXT 5!N
i51Xi, and search for l such thatR(l)5 1.

To obtain the variance of a precipitation field at a given
scale, we compute the power spectrum using the discrete
cosine transform (DCT; Denis et al. 2002). This trans-
form is equivalent to the fast Fourier transform (FFT),
but it is preferred as it eliminates the problems associ-
ated with discontinuities at the boundaries of the do-
main. The values for R(l) vary between 1, which
represents complete decorrelation between the fieldsXi

at scale l, and 1/N, which represents perfect resemblance
between the fields at scalel. To illustrate this, Fig. 2a shows,
R(l)5!9

i51PXi(l)/PXT (l), where XT 5!9
i51Xi and Xi

are precipitation forecasts of hourly accumulations
from the nine radar data–assimilating ensemble mem-
bers at 1000 UTC 24 April 2008. While the R(l) curve
is noisy, the figure indicates that R(l)5 1 for
l, l0 5 76 km (red circle in Fig. 2a), indicating the
complete decorrelation between the ensemble mem-
bers for this range of scales. Also, for l. l0, the ratio
decreases toward 1/9 without reaching this value. Surcel
et al. (2014) mentioned that the decorrelation scale
increases with forecast lead time. Therefore, Fig. 2b
shows l0 as a function of lead time for 24 April 2008.
The value of l0 was determined by finding the largest l
for whichR(l)$ 0:95. The threshold of 0.95 was chosen
rather than 1 as it was found to eliminate some of the
noise in determining the decorrelation scale, without
introducing any significant bias. Alternatively, l0 could
be determined as the intersection between two linear
fits: R(l)5 1 for l, l0 and R(l)5 alb for l.l0.
However, this method was showing very similar results
while it wasmore sensitive to the noise in theR(l) curves.
While the l0(t) curve is somewhat noisy, it shows that
the decorrelation scale is increasing with forecast lead
time, reaching around 300 km at the end of the forecast
period. The decorrelation scale can be determined for
each different precipitation event, and averages of l0
together with its standard deviation can be presented to
have an estimate of the variability of the l0 values. To
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The variance can be 
analyzed as a function of 
t he sca le by us i ng 
Fourier decomposition 
and then define:

From Surcel et al (2015)

obtaining the scales at 
w h i c h t h e e n s e m b l e 
members are decorrelated.
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• The recent literature only approach the problem by 
using a global weight to the ensembles members. Two 
studies deal differently with the weights: 

• Probabilistic blending (Kober et al.,2014): 

• Bayesian weighting (Raynaud et al.,2015): 

• Kober et al.: Aspects of short-term probabilistic blending in different weather regimes, 2014. 
• Raynaud et al.: Application of a Bayesian weighting for short-range lagged ensemble 

forecasting at the convective scale, 2015.

Pblend,i = wR(⌧) · PR(⌧) + wC(⌧) · PC,i

p(yq|xk
q ) =

 
1 +

||yq �H(xk
q )

2||
�2

!�1

State of the art
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The test is centered in an small area (64 x 64 pixels) where one of the 
ensemble forecast has a low variance but large error (due to bias).
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The problem with the optimal interpolation is the area with no rain  
is highly weighted because no bias is assumed.
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In order to correct this problem, the variogram of both dataset is 
study. The nugget is used to avoid the areas with 0 variance.

The nugget is added to the B matrix cancelling all the 0 values. 

The effect in the optimal interpolation is observed by a change of weights. 

Spatial merging
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Using an empirical covariance matrix from the ensemble, part of  
the smoothness is avoided constructing a more realistic mean.
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The first eyeball comparison with the global weight blending shows 
some improvement in the shape of the rainfall and, most important, 
in the scales represented in the rainfall merged field.−92 −91 −90 −89
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• Analogues are possible in our datasets if dynamic 
and forcing conditions are imposed. 

• The information in the analogues forecast is 
mostly in the ensemble of them than in the single 
members. 

• This information is complementary (poorly 
correlated) between analogue-based forecast and 
NWP prediction systems. 

• The spatial weight shows promising results in 
merging the two forecast systems. 
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