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Research and Innovation

various Approaches 

to Statistical Calibration 

of Ensemble Weather

Forecasts 

by Sándor Baran and Annette Möller (Faculty of

Informatics, University of Debrecen and Institute of

Mathematics, Technical University of Clausthal)

Statistical calibration of ensemble weather forecasts is a

rapidly developing research area of statistics as well as

atmospheric and water sciences. We are developing and

implementing multivariate approaches explicitly

accounting for dependencies between weather

observation locations and/or between weather variables,

including temperature, precipitation and pressure.

Capturing and modelling uncertainty is essential in any fore-

casting problem, and, in weather or hydrological predictions,

can have enormous economic benefits.

The early 1990s saw an important shift

in the practise of weather forecasting,

from deterministic forecasts obtained

using numerical weather prediction

(NWP) models in the direction of proba-

bilistic forecasting. The crucial step was

the introduction of ensemble prediction

systems (EPSs), which came into opera-

tional use in 1992, both at the European

Centre for Medium-Range Weather

Forecasts (ECMWF) and the U.S.

National Meteorological Center. 

An NWP model essentially consists of a

large and complex set of partial differ-

ential equations describing the

processes that take place in the planet’s

atmosphere. An EPS provides not only a

single forecast but a range of several

forecasts, which are usually generated

by running the NWP model multiple

times, each time based on another set of

assumed initial values obtained by

random perturbation of an initial guess derived from the

actually available information about the state of the atmos-

phere. 

In recent decades, the ensemble method has become widely

used globally, its appeal lying in its ability to easily provide

statistical summary measures that explicitly reflect the fore-

cast uncertainty. However, the raw outputs of the EPS often

exhibit systematic forecast errors (bias) or cannot properly

capture the forecast uncertainty (calibration), thus calling for

some form of post-processing. Simple approaches to bias

correction or calibration have a long history, and in the first

years of the twenty-first century several more sophisticated

methods appeared, including statistical models providing full

predictive probability distributions of the weather variables

at hand. This means that one is not only able to provide a

forecast of tomorrow’s temperature in Berlin, but also to

forecast the probability that tomorrow’s temperature in

Berlin will be between 20 and 25 oC with say 80% confi-

dence. Starting with the fundamental works of Tilmann

Gneiting and Adrian Raftery that introduced Bayesian model

averaging and ensemble model output statistics for ensemble

calibration [1], statistical post-processing of ensemble fore-

casts became a hot topic both in statistics and atmospheric

sciences, resulting in a multitude of probabilistic models for

different weather quantities, new methods and algorithms for

training these models on real weather data and novel

approaches to forecast verification [2].

The Hungarian-German research project “Statistical post-

processing of ensemble forecasts for various weather quanti-

ties”, jointly financed by the Hungarian National Research,

Development and Innovation Office and the Deutsche

Forschungsgemeinschaft, aims to develop and test multi-

variate post-processing methods that model correlations

between different weather variables, and/or incorporate cor-

relations in space, e.g., between observation stations. Further

goals are the development of user-friendly software pack-

ages for statistical calibration of ensemble weather forecasts,

investigation of approaches that take advantage of local fea-

tures in the neighbourhood of an observation station, and

finally, to create an efficient scientific network. 

Most members of the small research group have connections

with Tilmann Gneiting’s research group at the Heidelberg

Institute for Theoretical Studies. The members have a long

history of collaboration and include mathematicians and stat-

isticians from Heidelberg University, Karlsruhe Institute of

Technology, Technical University of Clausthal, University of

Debrecen, University of Hildesheim, and a meteorologist

from MeteoSwiss Agency. 

Since its inception in April 2018, the project has investigated

various angles, including:
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Figure�1:�Mean�continuous�ranked�probability�score�(CRPS)�values�of�the�various�post-processing

approaches�and�the�raw�forecasts�for�different�lead�times.�The�CRPS�measures�the�goodness�of�fit

of�the�predictive�distribution�to�the�corresponding�observation,�the�smaller�the�better.
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• An approach to calibrate hydrological ensemble forecasts,

such as water levels of rivers. The challenge when dealing

with this type of data is that water level measurements

exhibit natural bounds from below and above and are non-

Gaussian, so appropriate data transformation schemes are

required. The proposed model was applied to predict water

levels for the river Rhine at Kaub gauge with great suc-

cess. 

• An approach that accounts for the interdependency

between weather variables over time. The temperature

today is not independent of the temperature yesterday or

other recently observed temperatures. Thus, the forecast

errors on different days are not independent from one

another. This time dependence was utilised to improve the

ensemble forecasts, which worked particularly well for

higher lead times when considering temperature forecasts. 

• An investigation of the applicability of machine learning

approaches to statistical post-processing of ensemble fore-

casts of total cloud cover (TCC), a variable describing

what fraction of the sky is covered by clouds, measured on

a nine-point scale: 0, 1/8, 2/8, 3/8, 4/8, 5/8, 6/8, 7/8, 1.

Using the ECMWF global TCC ensemble forecasts for the

period 2002–2014 and considering different lead times,

the predictive performance of multilayer perceptron

(MLP) neural networks, gradient boosting machines

(GBM) and random forest (RF) algorithms was compared

with the forecast skill of the state-of-the-art multiclass-

and proportional odds logistic regression (MLR and

POLR) approaches and the raw ensemble (see Figure 1).

To obtain more specific insight, a detailed simulation

study was conducted to compare properties and perform-

ance of different multivariate post-processing methods

(ensemble copula coupling, dual ensemble copula cou-

pling, Schaake shuffle and the Gaussian copula approach,

see ([2]) for different situations (e.g., weather variables).

The main message gained from the simulation study was

that a misspecification in the multivariate dependence

structure in the post-processing model leads to a notable

deterioration in forecast performance. 

Finally, the researchers of our group also complemented

existing post-processing software packages [L1] with the

necessary algorithms to deal with different types of weather

variables. 

Links: 

[L1] https://kwz.me/hSM
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Enabling the European

Business Knowledge

Graph for Innovative 

data-driven Products 

and Services

by Dumitru Roman and Ahmet Soylu (SINTEF)

Corporate information, ranging from basic company

information such as company name(s) and incorporation

date to complex balance sheets and personal data about

directors and shareholders, are the foundation that many

data value chains depend upon in various sectors.

However, collecting and aggregating information about a

business entity from relevant public and private sources

and especially across borders and languages is a tedious

and very expensive task rendering many potential

business models non-feasible.

The euBusinessGraph project [L1], funded by European

Union’s Horizon 2020 programme, set the foundations for a

business knowledge graph of companies, and delivered a set

of innovative data-driven business products and services

dealing with company information.

Governments and other public bodies are increasingly pub-

lishing open data about firmographics and contextual data-

bases, which reference companies. For example, the UK,

Norway, France, and Denmark openly publish records about

companies, while other countries have various degrees of

openness for their company registries. Examples of contex-

tual databases include the EU TED (Tenders Electronic

Daily) public procurement notices and gazette notices. 

Unfortunately, firmographics datasets are not yet fully har-

monised and interoperable because data differs widely in

semantics from one source to another and data formats vary,

ranging from UK’s five star Linked Data to poorly accessible

and poorly documented datasets. Furthermore, contextual

databases are not linked to the national company registries

and they still use different company identifier systems or, in

some cases, no identifiers at all. Private businesses also pro-

duce valuable company-related data, which is seldom linked

to the public sources mentioned above. For example, media

publishers often reference businesses and legal entities by

name (hence ambiguously) even within their digital publica-

tions. This occurs because there is no widespread mark-up

schema to annotate a digital reference to a company and no

standardised way of accessing its information once it’s

unambiguously identified. As a result, it is extremely expen-

sive, time consuming, and error prone to find, interpret and

reconcile these data from private sector sources. 

One of the immediate consequences is that the business

information sector is not very cost-efficient in itself, which is

reflected in a lack of transparency and efficiency of the mar-

kets [1]. Nevertheless, the most relevant consequence in this

context is that these inefficiencies severely harm digital


