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Presenter
Presentation Notes
As Janette said, we’re here today to discuss a European project, funded by the Horizon 2020 programme called EU Surface temperature for All Corners of Earth or EUSTACE.

It is a partnership between the Met Office in the UK and KNMI, STFC, University of Leicester, University of Reading, University of Bath, University of Bern and DMI.

The project started in january 2015 and will run for 3 and a half years.
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e Currently available surface temperature data sets
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temperature data sets
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Presentation Notes
I’ll start by explaining what we are aiming to achieve and compare our anticipated EUSTACE products to the surface temperature data sets that you could be using at the moment.

I’ll take you through some of the work we need to do in order to create our products and tell you when they will be created, what they might look like and how we might communicate uncertainty to you.


EUSTACE AIMS

EUSTACE will give publicly available daily estimates of surface air
temperature since 1850 across the globe for the first time by
combining surface and satellite data using novel statistical
techniques.

To do this, we need to:
e |dentify non-climatic discontinuities in daily weather station data,
so users can trust the changes our records show

e Produce consistent uncertainty estimates for satellite skin
temperature retrievals over all surfaces (land, ocean, ice and lakes),
so we know how far to trust the estimates everywhere

e Understand how surface temperature measured in situ and by
satellite relates, to estimate air from skin temperature

e Estimate values in areas where we have no in situ or satellite data,
so users can have daily information here 7‘ _
EUSTACE Ul
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EUSTACE will create validated daily information on surface air temperature and its uncertainties since 1850 over all surfaces of Earth. We will do this by combining information from measurements made at weather stations and on-board ships, for example, with estimates derived from satellite  data. We will then create globally complete fields using new statistical techniques. We are aiming to produce products that people can use in many different applications and for this we need to try to ensure that the products are of as good quality as possible.

There are four key areas of development that we need to undertake in order to be able to do this:

We need to identify non-climatic discontinuities in daily station data so that we can account for them in our analysis.

Because we are using satellite data on the surface skin temperature of the land, ocean, ice and lakes, which we have obtained from other projects, we need to derive consistent uncertainty estimates for these data over all surfaces. These different projects do not currently estimate uncertainties in a consistent way and we and others need this consistency in order to use different types of retrievals together. 

Then in order to allow us to use the satellite skin retrievals to estimate air temperature, we need to develop an understanding of the relationship between skin and air temperature over the different types of surface and at different times of the year.

To complete the picture in places on any particular day where we have neither direct measurements of air temperature nor estimates based on satellite data, we need to develop new statistical techniques to create complete fields.

I’ll talk more about these pieces of work later. 


CURRENTLY AVAILABLE SURFACE
AIR TEMPERATURE DATA

Type Region / time Daily? | Publicly Y ELELY
period available? | complete?

ERA-Interim, Dynamic Global / various

NCEP/NCAR, JRA-55, reanalysis,

20CR, etc uses model

Berkley Gridded, uses Landonly/from Yes Yes Yes
statistics C19th

HadCRUT4, MLOST, Gridded, uses Global/ from No Yes Sometimes

GISTEMP, Berkley, etc  statistics C19th (uses SST)

E-OBS, etc Gridded, uses Regionalland Yes Yes Yes
statistics only / from 1950

ISTI, GHCN, ECA&D, etc Station, obs Regional land Yes Yes No
only only/ various

Other data from Gridded Global & regional Yes ? Sometimes

satellites / a few years
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I’ll concentrate on sources of surface air temperature here, as that is what EUSTACE will provide.

There are several different kinds of air temperature product. 

Many people use output from dynamical reanalyses, which combine observations with a weather forecasting model to create complete pictures of the air temperature on any particular day (or part of the day). These tend to give a complete, global picture and provide information on other variables, as well.

Another daily air temperature product , but one not using a dynamical model to complete the picture between observations, is created by the Berkley Earth team, but that is only available over the land. They and others also provide global surface temperature information, but on monthly timescales and using sea-surface temperature for the oceans, not air temperature.

These products tend to have quite coarse spatial resolution too, but higher resolution information can be obtained from regional products, like the E-OBS product for Europe.

All of these gridded fields are based on records of air temperature taken at weather stations and these station time series can be used by themselves and have been provided by various groups.

Like the EUSTACE team, others have started to estimate air temperature from satellite measurements, but these so far have tended to be either for very short periods or for localised regions.




EUSTACE SURFACE AIR

TEMPERATURE DATA

Type Region / Daily? Publicly Spatially
time period available? | complete?

EUSTACE station series  Station, obs

EUSTACE update to E-

OBS
EUSTACE air

only

Gridded, uses
statistics

Gridded, obs

temperature estimates only

from satellites

EUSTACE complete air
temperature fields

Gridded, uses
statistics

Global / Yes
from C19th

Europe/ Yes
from 1950

Global/ Yes
last decade
or two

Global/ Yes
from C19th

Yes

Yes

Yes

Yes

No

Yes
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EUSTACE will produce a number of different air temperature products, which will all suit different types of users.

As well as basic station data, in which we have identified discontinuities arising from non-climatic changes, we will create an update to the E-OBS gridded, in-filled data set for Europe. We will produce global, but not in-filled estimates of air temperature from satellite data for the last couple of decades. And we will produce globally-complete, in-filled fields of air temperature over the whole globe since 1850.

We will not use a weather forecasting model to complete the picture, but instead develop new statistical methods to enable us to do this. This will provide a source of global information that is complementary to dynamic reanalyses.


COMPARISON TO OTHER GLOBAL
SURFACE TEMPERATURE PRODUCTS

EUSTACE products will differ from others by:
* Being designed in collaboration with users;

e Using an understanding of the relationship between skin and air
temperature to estimate air temperature over the whole globe for a long
time period;

* Providing daily, globally-complete estimates of surface air temperature
over all surfaces of Earth (land, ocean, ice and lakes) since 1850;

e Clearly indicating where these estimates are reliable, probably using an
ensemble;

e Presenting air temperature over the ocean, rather than SST;
* Including fully-homogenised daily station data over Europe;

e Being validated (air temperatures and uncertainties) by comparison to
independent data; X

* Being documented in a Product User Guide EUSTACE%E -


Presenter
Presentation Notes
As we have seen there are many surface temperature data sets out there. Why are we producing another one and how are the EUSTACE products different from those other data sets? Firstly, many surface air temperature data sets on my list are monthly, not daily and we need daily information for many applications. But also ...


DETECTING DISCONTINUITIES IN
DAILY LAND STATION DATA

* signal-to-noise ratio is small
* non-linear effects result in changes to the distribution as well as the mean
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Discontinuities in station records can arise for various reasons: perhaps the station moves, perhaps the instruments change, perhaps the area around the station changes in some way. Looking for the impact of these events in daily station records is difficult because they can manifest themselves both as changes in the mean and in the distribution of the daily values, as discontinuities are brought about by non-linear atmospheric processes like radiation, wind and precipitation. This is hard to detect above the variability of daily data and it can affect things like the record of extremes for a location. We can see in this example of parallel measurements made in two types of screens at the same location that differences between the two sets of measurements depend on season and also on atmospheric conditions. Simple adjustments to the mean of measurements from one of the screens does not bring them into agreement with those from the other on the hot, summer days shown here.

In EUSTACE we are going to try to produce a global daily station data set where we have identified non-climatic breaks in each station record. For European data we will go further and apply homogeneity adjustments to the station time series where needed.
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NEED TO CONSISTENTLY ESTIMATE
SATELLITE RETRIEVAL UNCERTAINTY

Different sources of uncertainty
in satellite surface temperatures:

® Random uncertainty from
noise in satellite radiances.

® Systematicuncertainty from
uncertainty in calibration
etc.

® Locally systematicerrors are
usual (e.g. figure). These
arise from effects intrinsic to
satellite retrieval

2008-02-29 12:

2009-11-02 12:00

-0 =-08 =06 =04 =02 0.0 0.2

Simulation of intrinsic SST retrieval error on two different days. Although
errors arise because of atmospheric variability, there is no simple relationship
or correction.

Merchant, C. J. and Embury, O. (2014) Simulation and inversion of satellite thermal measurements. In: Zibordi, G., Donlon, C. J. and

Parr, A. C. (eds.) Optical radiometry for ocean climate measurements. Experimental methods in the physical sciences, 47 (47). Academic
Press, pp. 489-526. ISBN 9780124170117 doi: 10.1016/B978-0-12-417011-7.00015-5
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There are different components to the uncertainty in satellite retrievals of skin temperature and those components have different correlation structures.

There are uncertainties arising from random effects, such as instrument noise. Uncertainties arising from effects which are correlated on long space and time scales, like instrument calibration are important because they impact the stability of the retrievals. There are also uncertainties arising from locally systematic effects such as weather-related impacts on the retrieval. Our challenge is to come up with an approach to estimate these different components of the uncertainties which works for surface temperature retrievals over all surfaces: land, ocean, ice and lakes.


http://centaur.reading.ac.uk/view/creators/90005270.html
http://centaur.reading.ac.uk/view/creators/90005381.html
http://centaur.reading.ac.uk/38527/
http://dx.doi.org/10.1016/B978-0-12-417011-7.00015-5

ESTIMATING AIR TEMPERATURE FROM
SKIN TEMPERATURE
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The most commonly-used approach we can employ to help us to understand and use these relationships is based on regression and, as well as using station records and satellite skin temperature estimates, uses extra information to help to categorise the way the skin/air temperature relationship behaves, such as vegetation, latitude and elevation. 

Once a regression relationship has been derived for every day in a particular location, that relationship is used to estimate air temperature where we have skin temperature data from satellites.





filled air

temperature
analysis from
weather station
measurements

Met Office

ESTIMATING AIR TEMPERATURE

FROM SKIN TEMPERATURE

Publicly available
weather station records

Highest available _
resolution in- EOBS ECA&D Satellite LSAT

1.5 30 45 60 75 9.0 105 120 135 15.0 16.5 18.0 195 21.0 225 240 255
Temperature (deg C)

Courtesy Lizzie Good, Met Office EUSTACEI%&;“ o

Higher resolution
information on
air temperature
estimated using
surface (skin)
temperature
from satellites

y, =


Presenter
Presentation Notes
We can see here the benefit in terms of resolution of information that we would like to achieve. Our weather station data are shown in the middle column. On the left is a 0.25 degree analysis of daily minimum  temperature (on the top row) and daily maximum temperature (on the bottom row) based on those relatively plentiful European station data. On the right is an air temperature estimate derived from satellite skin temperature data. We can see the detail that the satellite estimates have provided.
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CHALLENGES - DIFFERENCES IN TEMPERATURE
EVOLUTION THROUGH THE DAY

»— —xAir Tem|:; (Station) s
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Extreme case of the diurnal cycle on 2 July 2011 of surface skin
temperature (from the SEVIRI satellite) and surface air temperature
(at a weather station) in Kairouan, Tunisia f—

MetOffice  Courtesy Lizzie Good, Met Office EUSTACE%J;I o
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However, the relationship between skin and air temperature can be difficult to understand and use. This slide shows an extreme example (from Tunisia) of how air and skin temperature can vary relative to each other over the course of a day. Here. the daily maxima and minima in the skin and air temperatures occur at different times of day and the amplitude of the diurnal cycle is quite different. These differences also vary with season.


STATISTICAL ANALYSIS METHODS

Global temperature data sets have either been based on simple aggregation
of data in grid boxes or on statistical techniques developed in geosciences in
the 1980s and 1990s.

The state-of-the-art in the spatial statistics research community is far ahead of
the methods generally used in the Earth sciences.

Two approaches will be investigated in EUSTACE:

1. An “advanced standard” method based upon the more advanced
methods currently used in surface temperature data set
construction.

2. State-of-the-art novel spatial statistics.

y =

Met Office Courtesy Colin Morice, Met Office EUSTACEM
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Because we are aiming at relatively high resolution daily fields for this long time period, we will need to develop new analysis techniques, making use of new spatial statistics being developed by statisticians. But, since these methods are untried and we need to be sure to deliver a product, we will develop two parallel approaches: one based on a development of the kinds of methods we and others currently use in surface temperature work and one based on this new statistical research.


EUSTACE PRODUCTS

Produst|peserption lome__

Stationseries and Global data set of daily weather station air temperature Dec
E-OBS update measurements (Tmax and Tmin) with non-climatic breaks 2016
identified — Station time series and gridded for Europe
Satellite skin Daily satellite skin temperature estimates for all surfaces of Earth  Apr-
temperature with consistent uncertainty estimates — Gridded or along May
retrievals satellite’strack 2016
Skin/air Understandingof the relationship between surface skin and Dec
temperature surface air temperature over all surfaces of Earth and in different 2016
relationships seasons — A report
Air temperature Daily estimates of surface air temperature from skin temperature Jun
estimates from retrievals - Gridded or along satellite’strack (TBD) 2017
satellites

Globallycomplete Globally-completedailyfields of surface air temperature overall May
air temperature corners of Earth since 1850 — Gridded (0.25° lat/lon) perhapsan 2018
fields ensemble. (Tmax and Tmin over land, Tmean elsewhere.)

Derived products For example, global means and climatologies May
2018
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We want to use the information that we gather from you and other users in the design of our products, so the product design won’t be done in detail until the autumn. But, there is some information that I can give you about what we will produce, so that you can start to think about what you might use and how we can make it most useful to you: we will produce ...
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WHAT EUSTACE PRODUCTS MIGHT LOOK LIKE

Global average air temperature anomaly over land
metomee (1896 - 2014)
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Drawing on examples from current surface temperature data sets, I have tried to illustrate here what some of the EUSTACE products might look like.

Our station data will be taken from GHCN-D, with additional information for Europe from ECA&D, so station coverage will be the same as in GHCN-D, here shown for 1921-1950.

Air temperature estimates over the ocean will be based upon the sea-surface temperature data from various infra-red sensor series. The nominal daily coverage of one of these types of instruments is shown here.

Both our global and European in-filled fields will likely be presented on 0.25 degrees latitude by 0.25 degrees longitude. This example from the current E-OBS data set gives a good example of what that might look like.

We aim to also calculate global and regional averages from our gridded fields. Like the CRUTEM time series shown here, these regional averages will have quantified uncertainties which have been calculated from ensembles.
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So, that gives you a brief overview of what we are planning to do. Please ask lots of questions and let us know what you need to make these products useful for you.
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