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What is reanalysis?

What is the difference between reanalysis and observations?

What is ERA5?

What is the ERA5 dataset and why is it special?

What is netCDF format?



Reanalysis is a scientific method aims to provide weather and climate conditions at regular intervals over
long time period. This method is based on combination of data assimilation and numerical model. Available
historical observations are assimilated providing initial state for forecast model run. The technique of data
assimilation is used to create the initial state, an analysis, which is a best fit of the numerical model to the
available data, taking into account the errors in the model and the data.

Reanalysis



Quality of reanalysis strongly depends of archived
data amount as well as forecast model accuracy.
Horizontal and vertical resolution of the model are
important but also a physical package developed in
the model.
Predicted atmospheric fields in regular numerical
points with regular temporal resolution is a result of
reanalysis, for example at each intersection point on
a regular grid of longitude and latitude circles.

Reanalyses links millions of observations into a stable
data assimilation system enabling a number of
climate processes to be studied.

Those amount of data is impossible for an individual
to collect and analyse separately. Another big
advantage is consistency of time series for a specific
location during long period. Reanalysis data sets can
be very large but relatively ease to handle.



Data assimilation method is powerful mathematical technique that combines observation data and the
equations governing the numerical model to provide an estimate of the state of the system which is better
than could be obtained using just the data or the model alone.

Data assimilation 





.

The cost-function that measures the distance between a model trajectory and the available information
(background, observations) over an assimilation interval or window is minimized in the process of data
assimilation.

By iterating forwards and backwards in time the analyses can be adjusted towards the observations.
Tangent Linear Model and Adjoint model have to be defined and run.

Therefore, each minimization iteration involves one forward integration of the nonlinear prediction model
TLM and one ‘backward’ integration of the adjoint model.

Because everything in the adjoint model is reversed in order, and the definition of the adjoint operator
requires the value of the variables in the forward model many recalculations are often involved in order to
restore the values of all variables.

The adjoint model is often 2-3 times as expensive as the forward model.

4DVar is extremelly computer resources demanding!!!



Meteorological observations are placed in irregular grid and can considerably vary depending on the
location, time period, and variable.
Reanalysis output are meteorological fields in regular grid with reasonable temporal resolution during long
time period that can provide insight in climate conditions.

Data produced in reanalysis are most valuable as a substitute for observational data where such data is
limited or unavailable.

It should be stressed out that combination of possible errors and approximation in observation and models
can introduce variability and biases into reanalysis output.

This fact warns us that each application and specific location should be separately processed in the sense of
reducing/removing bias.

Reanalysis and observations



ERA5 is reanalysis datasets produced by

ECMWF (European Centre for Medium range Weather Forecast)

providing data on many atmospheric, land-surface and sea parameters.

It will be completed by mid 2019, by when the dataset will cover the period from 1950 to present with
monthly updates within three months from real-time.

It is the most comprehensive and the most complete climate dataset and is public available through
Copernicus Climate Change Service (C3S).

https://twitter.com/hashtag/era5

ERA5



ERA5 was produced using 4D-Var data assimilation in

CY41R2 of ECMWF’s Integrated Forecast System (IFS),

with 137 hybrid sigma/pressure model levels in the vertical, with the top level at 0.01 hPa.

CY41R2 has been launched in 2016 with substantial improvement in

horizontal resolution to 9km e.g. up to 904 million numerical points.

The assimilation of weather observations into the forecasting system has also been improved in CY41R2.

The 4D-Var data assimilation uses 12 hour assimilation windows from 09 UTC to 21 UTC and
21 UTC to 09 UTC (the following day) based on a
10 member ensemble at 62 km horizontal resolution.

Observations are organized in half-hourly time-slots.



The satellite observations used as input into ERA5:

satellite radiances (infrared and microwave),

satellite retrievals from radiance data (wind vector and ozone),

satellite GPS-Radio Occultation data (bending angle)

satellite scatterometer data (backscatter sigma0, soil moisture index)

satellite altimeter data (wave height)



In-situ data, provided by WMO WIS (World Meteorological Organisation Information System):

SYNOP land stations observation of pressure, temperature, wind, humidity

METAR land stations observation of pressure, temperature, wind, humidity

DRIBU drifting buoys observation of 10m wind speed, surface pressure
PILOT radiosondes for wind profiles
Radar wind profilers
TEMP (land, ship, mobile) radiosondes for temperature, wind, humidity profiles
Aircraft data for temperature and wind profiles observation (AMDAR, DROP sonde, AIREP, ACARS)



ERA5 advantage

* long assimilation windows allows more local minima/maxima to be treated right

* new operational system is used for reforecasting using historical data.

Special effort is needed to ensure temporal consistency of the reanalysis from early in-situ observations in
nineteen-fifties to high-resolution satellite data in order to reduce bias caused by model and observations.

Reanalysis data are available on many vertical levels (model and pressure), surface/single level data are
also available, containing 2D parameters such as precipitation, 2m temperature and humidity. The IFS is
coupled to a soil model with four layers which are designated to treat surface processes.

The ERA5 dataset contains one (31 km) high resolution realisation (HRES) and a reduced resolution ten
member ensemble (EDA). Generally, the data are available at a sub-daily and monthly frequency and
consist of analyses and short (18 hour) forecasts, initialised twice daily from analyses at 06 and 18 UTC.
Most analysed parameters are also available from the forecasts. There are a number of forecast
parameters, e.g. mean rates and accumulations, that are not available from the analyses.



To wrap up...

What is the ERA5 dataset and why is it special?

ERA5 is the latest generation of ECMWF atmospheric reanalysis of the global climate, and the first
reanalysis produced as an operational service. The dataset is produced using ECMWF’s Integrated Forecast
System (IFS) numerical model, the same model used to produce their global weather forecast.

Reanalysis datasets are important because they assimilate vast amounts of observational data with
computer models to create a detailed and consistent overview of weather and climate conditions. This is
valuable in areas where observational data is either sparse or non-existent, such as the oceans and polar
regions.

ERA5 is particularly exciting because of its improved model accuracy and higher geographical and temporal
resolution than its predecessors.



The C3S mission is to support adaptation and mitigation policies of the European Union by providing
consistent and authoritative information about climate change and free and open access to climate data
and tools based on the best available science.

https://climate.copernicus.eu/

The Climate Data Store



What is netCDF format?

Definition by Unidata:
The Network Common Data Form, (netCDF) is a set of software libraries and self-describing, machine-
independent data formats that support the creation, access, and sharing of array-oriented scientific
data.
Project started in 1989 and is still developing. Versions 3.x from 1997 and next generation 4.x were and
still are widely used in climatology, meteorology and GIS.

Advantages of netCDF are that format is “self-describing” that means that in every file has a - header
which describes the data arrays in the file and attributes, arbitrary file metadata in the form 
name/value. The netCDF format is platform independent and data are stored in a way that allows easy 
subsetting. 

Each netCDF file can contain an unlimited number of multi-dimensional, named variables (with differing 
types that include integers, reals, characters, bytes, etc.), and each variable may be accompanied by 
ancillary data, such as units of measure or descriptive text. 



NetCDF files are made-up of four parts: dimensions, variables, global attributes and data.





Three-dimensional data: Data over an area varying with time.

Four-dimensional data: Data over an area varying with time and altitude.



You can write, read and plot netCDF files using available softwer tools or you can create your on program/procedure.

https://www.unidata.ucar.edu/software/netcdf/software.html

During this training course we will use both. 


