ABSTRACTS
Oral Presentations
Session 1 – Selected Topical Talks
Recent developments on land surface analysis for NWP at Météo France
Camille Birman, Jean-François Mahfouf, Eric Bazile, Françoise Taillefer, Yann Seity
MéteoFrance

Surface analysis is used in NWP to provide initial surface conditions and fluxes to the models to run short or medium range
forecasts. At Météo-France the land data assimilation system is based on optimal interpolation using screen level observations for
the analysis of the temperature and moisture in the two superficial soil layers. Several areas of improvement are currently under
investigation, including the analysis of more surface variables (precipitation, snow depth, albedo, leaf area index), the use of
satellite observations, and the use of other assimilation techniques. The study presented here focuses on snow analysis and the
evolution of the assimilation system to improve the current OI. The presence of snow on the ground is of critical interest for users,
and an erroneous snow cover can induce large biases on the forecasts of near surface temperature and humidity, and on surface
fluxes. However errors can occur from the atmospheric forcing of solid precipitation, and the current snow scheme implemented in
NWP models does not account for sufficient snow melt. Therefore an analysis of snow depth has been developped in Météo-France
limited area NWP model. The assimilation system is a 2D OI using in-situ observations. The first results are encouraging regarding
comparisons between the model and screen level observations of 2 metres temperature and relative humidity. Future
developments will include the adjustment of structure functions and the use of satellite products of snow cover. Recent studies
also focuses the OI scheme used for the soil analysis. The current land data assimilation system uses constant standard deviation
and covariances between the screen level obserations used in the analysis and background errors for temperature and moisture in
the two superficial layers. Several corrections are applied to reduce the increments when precipitation or wind occurs, or when
snow is present on the ground, and with the diurnal cycle. However the current system does not adjust to the atmospheric
conditions of the day and it is not the most appropriate scheme to assimilate other types of observations, in particular satellite
observations. We are now exploring how we could use atmospheric ensembles from Ensemble Data Assimilation to derive
correlations between analysed soil variables and observed screen level variables. The approach is similar to an Extended Kalman
Filter, except for the computation of Jacobians matrices which are derived from EDA. The first results obtained are promising and
this methodology should also enable us to assimilate satellite observations for soil moisture and soil temperature. It also represents
a step towards more coupled atmospheric and surface assimilation systems.

Developments in surface analysis schemes at DWD
Martin Lange
Deutscher Wetterdienst

Developments in surface analysis at DWD Surface analysis schemes used at numerical weather prediction centers undergo
continuous improvement. Modifications in the conventional observation database and increasing possibilities for use of remote
sensing data on the one hand, and advances in the analysis methods, as the move to ensemble filter methods have potential for
substantial improvements in the model description of the surface state i.e. for snow, sea ice distribution, and soil moisture, and
consequently of near surface parameter. These modifications finally alter the atmospheric state and lead to improved forecast
scores for the lower and middle troposphere. SMOS and SMAP missions provide remote sensing data which contribute to global
cover of soil moisture and sea ice that brings additional information in the data assimilation systems. Software packages are
available that can be used as foreward operator, as e.g. CMEM (the Community Microwave Emission Model platform) or the SMRT
(Snow Microwave Radiative Transfer) package which helps to use microwave data without long term developments at each center.
The present activities at DWD focus on the improved DA system first, which is a prerequisite to assimilate brightness temperatures
directly, while updating continuously the existing surface analysis system. This comprises including new available external data
source that contribute to the observation database in regions with sparse coverage of conventional observations, and adaptations
to modifications in the resolution of the global and regional models. The talk will give an overview on recent developments in snow
and soil moisture analysis that shows the present state and future plans in this direction at DWD.
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Characterizing the systematic and random errors in soil moisture estimates from land surface models and satellite
retrievals
Sujay Kumar, Mahdi Navari, Joseph Santanello, Christa Peters-Lidard, Mike Cosh
NASA GSFC

This study presents the characterization of the systematic and random errors in surface soil moisture estimates from land surface
models (LSMs) and satellite retrievals. The evaluation is conducted for the soil moisture retrievals from the SMAP and SMOS
satellite missions and surface soil moisture estimates from four LSMs in the North American Land Data Assimilation System phase 2
(NLDAS2) project using available ground measurements of soil moisture. The results indicate that the systematic error in each of
these soil moisture estimates is significantly higher than the random error component. At the domain averaged scale, the
systematic error component accounts for 88\% and 63\% of the total mean squared error, for SMAP and SMOS retrievals. Similarly,
across the LSMs, the contribution of the systematic error varies between 78\% to 95\%, at the domain-average scale. An analysis of
the distribution of the errors across the reference sites also confirms the dominant role of systematic errors in the soil moisture
estimates. The results of the study outline the significant need to reduce systematic errors in soil moisture retrievals and LSMs, to
improve the efficiency and utility of data assimilation and application environments reliant on soil moisture estimates from these
sources.

Current Status and Future plan of KMA Satellite Products for Hydrology Applications
Na-Yeon Park, Chang-Suk Lee, Eun-Ha Sohn, Jae-Dong Jang, Jun-Dong Park
National Meteorological Satellite Center, Korea Meteorological Administration

The KMA (Korea Meteorological Administration)/NMSC (National Meteorological Satellite Center) launched the Korea first
geostationary meteorological satellite, COMS(Communication, Ocean, and Meteorological Satellite), in June 2010 to monitor severe
weather conditions, environmental and climate changes over the East Asia and Western Pacific regions. The KMA is estimating and
validating of hydrological parameters (such as evapotranspiration, soil moisture, rainfall) and land surface parameters (such as
surface radiation, albedo, longwave radiation, artic sea-ice) using geostationary satellite and low-orbit satellites. Especially,
evapotranspiration and soil moisture are components of the earth's systems energy distribution and global water cycle. It is crucial
to the accurate quantification for management of water resources and understanding of climate change, which require continuous
temporal and spatial monitoring. COMS evapotranspiration estimates as simplified method for daily actual ET based on surface
energy balance with a 1 km spatial resolution at nadir. The daily ET overestimated by about 1 mm/day at the two flux tower
measurements sites but simulated seasonal variation and pattern well good agreements with flux tower measurements. In the
mixed forest, the RMSE was 0.94 mm/day, Bias was 1.05 mm/day and in the rice paddy, RMSE was 1.12 mm/day and Bias was 1.21
mm/day. The KMA has calculated the daily mean and seven-day moving window evapotranspiration from COMS and soil moisture
from AMSR2 data products using the JAXA algorithm to monitor drought over the Korean peninsula, which is available on its public
website (https://hydro.kma.go.kr). The original AMSR2 soil moisture is not an appropriate for monitoring Korea because it has large
bias and fluctuation compared with in situ measurements. So, we corrected the AMSR2 soil moisture product by using several
methods, including CDF matching and linear regression. For the accurate estimation of evapotranspiration and soil moisture, we
are developing based on deep learning method using only satellite data. The detailed results will be presented at the workshop.
KMA will launch and operate the next generation of the geostationary meteorological satellite (GEO-KOMPSAT, GK)-2A in
November 2018 to ensure continuity in monitoring and severe weather conditions and climate changes. GK-2A will have ability to
observe the full disk every 10minutes with 16 bands. It will also contribute to early detect of severe weather and to monitor
atmosphere, climate, land and ocean.

ERA5-Land: an improved version of the ERA5 reanalysis land component
Joaquín Muñoz Sabater
European Centre for Medium-Range Weather Forecasts

Funded by the European Union Copernicus programme and implemented by the European Centre for Medium-Range Weather
Forecasts (ECMWF), the Copernicus Climate Change Service (C3S, http://climate.copernicus.eu/) is currently producing the next
generation of European Reanalysis ERA5. Among others, it will make it possible to better understand the processes and interactions
between different components of the Earth System which has derived into the climate from 1950 until present. It will also support
Near-Real Time (NRT) applications by means of an operational early delivery mode (ERA5T). The core of ERA5 is the ECMWF
Integrated Forecasting System in combination with a powerful 4D-VAR data assimilation system. The description of the ERA5 land
surface component is also part of the ERA5 portfolio. However, with the objective of serving, primary, the climate community, few
inconsistencies can arise in the temporal-spatial evolution of hydrological components. For example, a well-defined spin-up
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strategy to avoid temporal gaps in the seam between different production streams for long memory variables is needed. In order to
solve the latter and other shortcomings, as well as to support different communities focused on land applications, C3S has taken
the initiative to develop the ERA5-Land dataset, an unique dataset of its kind which will provide a global scale description of the
most important land variables through a single simulation driven by near-surface atmospheric fields from ERA5, with
thermodynamical orographic adjustment of temperature. The synchronization with ERA5T mode will also make it possible to
provide NRT updates. One of the added values of ERA5-Land with respect to the ERA5 atmospheric reanalysis is a global projected
horizontal resolution of approximately 9 km (around 4 times finer resolution than ERA5), matching the recently implemented
ECMWF TCo1279 operational grid, and therefore providing consistent input for Numerical Weather Prediction and climate studies
involving land water resources, but also for accurate hydrological and agricultural modeling. It will also include, for the first time, an
estimation of key land-variables error based on meteorological forcing and model parameters uncertainties supplied by a 10member ensemble parallel run, thus providing vital information to land-surface data assimilation systems. The offline nature of
land reanalysis allows to incorporate forefront model developments before the production phase. For example, ERA5-Land will
benefit from a revision of the soil thermal conductivity, making it more accurate the heat transfer through the vertical dimension.
In this workshop the ERA5-Land dataset will be presented, as well as its main strengths and weaknesses.

SAF on Land Surface Analysis: Current Status & Evolution towards the Next Generation of EUMETSAT Satellites
Isabel Trigo & LSA SAF Team
Instituto Português do Mar e da Atmosfera (IPMA)

The LSA-SAF provides near-real-time and offline products and user support for land surface variables related with three main
thematic areas: (i) surface radiation, both long- and short-wave components; (ii) vegetation, including state, stress and wild fires;
and (iii) the energy budget at the surface and mass exchange, combining information on the radiation budget and vegetation state.
The LSA-SAF products are essentially derived from EUMETSAT sensors, namely SEVIRI/MSG and AVHRR/Metop. The variables being
operational estimated include albedo, land surface temperature, evapotranspiration and surface energy fluxes, several vegetation
variables and products characterizing hot spots and wild fire risk.
During the third Continuous Development and Operations Phase (CDOP-3), the LSA-SAF will primarily ensure the continuity of the
service initiated more than 10 years ago. However, the LSA-SAF catalogue will evolve following a careful assessment of user
requirements and taking advantage of new or foreseen data and instruments to drive algorithm evolution to improve quality and
scope of services. The LSA-SAF team acknowleges in particular the great potential that the variables being provided to contribute to
understand surface processes and hence to improve their modelling. This is therefore one of its primary target applications.
On the use of data from new missions, priority will be given to: (i) MTG, with adaptation of current SEVIRI-based products to FCI
measurements to be followed by algorithm enhancement; (ii) EPS-SG, with the development of two new processing chains for VII
and 3MI, respectively, together with the scientific development of algorithms. While recognizing the challenges of satellite product
validation, particularly in the case of surface variables which are often characterized by very high sub-pixel spatial variability, the
LSA-SAF will continue to support validation and quality assessment activities. These include the maintenance of dedicated in-situ
measurements, as well as product quality verification through case studies and product applications.
Although the LSA-SAF started by addressing the needs of near-real-time users, there has been an increased demand for
homogeneous datasets with well-characterized uncertainty. Moreover, the temporal range of observations provided by MSG and
Metop series further supports the generation of Climate Data Records (CDR), which are planned to be provided by the LSA-SAF for
the long-term monitoring of land surfaces and their interaction with the atmosphere.
This presentation provides an overview of LSA-SAF activities spanning from near time provision of satellite products, product
validation and continuous quality assessment. Particular emphasis will be given to the preparation for new EUMETSAT satellite
programmes and strategy regarding the generation and maintenance of a range of CDRs.

Session 2 – Land Surface Modeling and Assimilation
ERA-5 and ERA-Interim driven ISBA land surface model simulations and reanalysis: Which one performs better?
Clement Albergel (1), Emanuel Dutra (2), Simon Munier (1), Jean-Christophe Calvet (1), Joaquín Munoz-Sabater (3), Patricia de Rosnay (3), Gianpaolo
Balsamo (3)
(1) CNRM UMR 3589, Météo-France/CNRS, (2) Instituto Dom Luiz, IDL - FCUL, (3) ECMWF

The European Centre for Medium Range Weather Forecast (ECMWF) recently released a first 7-year segment of its latest
atmospheric reanalysis: ERA-5 over 2010-2016. ERA-5 important changes relative to ERA-Interim former atmospheric reanalysis
include a higher spatial and temporal resolution as well as a more recent model and data assimilation system. ERA-5 is foreseen to
replace ERA-Interim reanalysis and one of the main goals of this study is to assess whether ERA-5 can enhance the simulation

3

performances with respect to ERA-Interim when it is used to force a Land-Surface-Model (LSM). To that end, both ERA-5 and ERAInterim are used to force the ISBA (Interactions between Soil, Biosphere, and Atmosphere) LSM fully coupled with the Total Runoff
Integrating Pathways (TRIP) scheme adapted for the CNRM (Centre National de Recherches Météorologiques) continental
hydrological system within the SURFEX (SURFace Externalisée) modelling platform of Météo-France. Simulations cover the 20102016 period at half a degree spatial resolution over a data-rich area: North America. A comprehensive evaluation of ERA-5 impact
is conducted using remote sensing and in-situ observations covering a substantial part of the land surface storage and fluxes. The
remote sensing observations include: (i) satellite-driven model estimates of land evapotranspiration , (ii) upscaled ground-based
observations of gross primary productivity, (iii) satellite derived estimates of surface soil moisture as well as (iv) satellite derived
estimates of Leaf Area Index. The in-situ observations cover (i) soil moisture, (ii) turbulent heat fluxes and Net Ecosystem Exchange
(NEE), (iii) river discharges and (iv) snow depth. ERA-5 leads to a consistent improvement over ERA-Interim as verified with the use
of these 8 independent observations data sets of different land status and of the model simulations. This is particularly evident for
the land surface variables linked to the terrestrial hydrological cycle while variables linked to vegetation are less impacted. Results
also indicate that while precipitation provides, to a large extend, improvements in surface fields (e.g. large improvement in the
representation of river discharge and snow depth), the other atmospheric variables play an important role, contributing to the
overall improvements. These results highlight the importance of enhanced meteorological forcing quality provided by the new ERA5 reanalysis, which will pave the way for a new generation of land-surface developments and applications. Finally, ERA-5 is used to
force LDAS-monde sequential assimilation of satellite derived surface soil moisture and leaf area index leading to a further
improvement of the representation of Land Surface Variables.

Review of satellite-based remote sensing and in-situ observations to inform Earth Surface Modelling
Gianpaolo Balsamo
ECMWF

A review of the use of satellite-based remote sensing in combination with in-situ to inform Earth Surface Modelling is compiled,
along with the verification and optimization methods, that can handle random and systematic errors, resulting into effective model
improvement for both surface monitoring and prediction applications. There is strong motivation to use of diverse remote sensing
because of (i) their global coverage, (ii) diverse and covariant information content, and (iii) complementarity with in situ
observations, that are often sparse and only locally representative. Improved understanding of the complex behaviour of the Earth
system at the surface and sub-surface involves necessarily large volume of data from high resolution modelling and remote sensing,
since the Earth surface is characterized by high heterogeneity and discontinuities in space and time. The spatial and temporal
variability of biosphere, hydrosphere, cryosphere and anthroposphere calls for an increased use of EO data attaining volumes
previously considered prohibitive. We review data availability and recent examples where satellite remote sensing is used to infer
directly or indirectly surface observable quantities with particular emphasis to key parameters necessary for weather and climate
prediction. A call for coordinated high-resolution remote-sensing and modelling/assimilation capabilities for Earth surface is finally
presented for an application-focused international effort.

Land surface downscaling using a spatially and temporally varying lapse rate
Emanuel Dutra (1), Joaquin Muñoz-Sabater (2), Souhail Boussetta (2), Takuya Komori (3), Sohji Hirahara (3), and Gianpaolo Balsamo (2)
(1) Instituto Dom Luiz, IDL-FCUL (2) ECMWF (3) Global Environment and Marine Department, Japan Meteorological Agency

Temperature near the surface varies with altitude accordingly to the environmental lapse-rate (ELR). The ELR depends on the
overlying air masses, large-scale situation and local effects. The characterization of the ELR has several applications, in particular to
downscale global/regional numerical weather predictions, reanalysis and climate projections in complex terrain regions. From an
observational point of view, complex terrain regions also constitute a challenging environment due to the difficulties associated
with the installation and maintenance of observational networks. In this study we propose the derivation of the ELR from
atmospheric reanalysis lower troposphere vertical profiles of temperature. This is then used to downscale near-surface air
temperature from the new ECMWF atmospheric reanalysis ERA5. High resolution (9km) land surface only simulations driven by
these downscaled fields were carried out and evaluated over U.S taking advantage of a variety of observations including the GHCN
daily maximum and minimum temperatures as well as SNOTEL snow depth and soil temperature. The ERA5 ELR estimates compare
favourably with estimates derived from in-situ observations over U.S. denoting both spatial and temporal variability. The
downscaled simulations with and without topographic correction and with a constant ELR show the added value of this approach
directly in near-surface air temperature but also in other surface fields like soil temperature and snow depth. The results suggest
some benefits of using this new ELR over complex terrain regions, when compared with a constant value. We propose this new
methodology as a default approach for downscaling temperature from reanalysis on the global/regional scale, either directly or to
force other models, where in-situ observations are scarce and computational resources limit dynamical downscaling. This
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methodology could be applied to perform land simulations at resolutions comparable with Earth Observations (e.g. land surface
temperature) allowing detailed evaluation and development while avoiding spatial regridding which add uncertainties.

Improving air quality modeling on process level via better representation of the land surface states
Min Huang (1), J. Crawford (2), G. Carmichael (3), G. Diskin (2), J., Santanello (4), S. Kumar (4)
(1) George Mason University, (2) NASA Langley, (3) U Iowa, (4) NASA Goddard

In several case studies over different regions of the world, we show that emission and air quality analyses can be improved by
alternating the representation of the land surface states, which redefine the sources of emissions and alter the modeling analyses
on process level. We first assess the impact of weather model inputs on the calculation of US biogenic isoprene emissions during
the SEAC4RS and DISCOVER-AQ airborne campaigns. By using a different method to initialize the surface states of the Weather
Research and Forecasting (WRF) model than the conventional method, biases in WRF simulated surface air temperature and
latent/sensible heat fluxes with respect to in-situ and satellite observations can be effectively reduced. The isoprene emissions in
the eastern US estimated by the MEGAN model based on the improved WRF weather fields are closer to the aircraft-derived
emissions. We then show initial results of assimilating the Soil Moisture Active-Passive (SMAP) soil moisture data to benefit the
coupled WRF-Chem air quality modeling over east Asia in Spring 2016, during the KORUS-AQ field campaign. With SMAP
assimilation included, water vapor and carbon monoxide transport from northern-central China transitional climate zones to South
Korea is better represented in WRF-Chem during two studied pollution events. The magnitude and spatial distribution of
improvement vary under different synoptic conditions. Future directions on investigating land-atmospheric weather-composition
interactions will be discussed.

Assimilation of Satellite Soil Moisture Content in Operational Local NWP System at JMA
Yasutaka Ikuta
Japan Meteorological Agency

The Japan Meteorological Agency (JMA) operates the Local NWP system consisting of the 2km mesh high-resolution Local Forecast
Model (LFM) and 3D-Var Local Analysis. LFM and Local Analysis are run hourly and various types of the latest observation are
assimilated. JMA started to assimilate the satellite product of soil moisture content (SMC) in the Local Analysis for improving
forecast accuracy of land surface in January 2017. The assimilated SMCs are those of L2-products from GCOM-W AMSR2 and
Metop-A/B ASCAT. These SMCs are pre-conditioned using cumulative distribution function (CDF) matching method and assimilated.
The CDF matching method transforms the probability density function (PDF) of observation to the PDF of model variables. This preconditioning helps to minimize the cost function of variational method in the Local Analysis because the innovation of SMC
becomes Gaussian after the CDF matching. It is also known that the observation bias of satellite fluctuate over time. To remove
adaptively such bias of the secular changes, the variational bias correction method is adopted in the Local Analysis. As a result, the
SMC can be assimilated as unbiased observation and the forecast accuracy of surface is improved. The impact of the satellite data
assimilation will be presented.

Session 3 – Assimilation Methods
Sequential assimilation of Copernicus vegetation products for better constraining soil-plant parameters and
variables in the ISBA land surface model
Jean-Christophe Calvet, Clément Albergel, Alina Barbu, Bertrand Bonan, Dominique Carrer, Hélène Dewaele, Delphine Leroux, Catherine Meurey,
Simon Munier, and Yongjun Zheng CNRM (Météo-France, CNRS), GMME/VEGEO,

CNRM has developed a global Land Data Assimilation System (LDAS-Monde) based on the SURFEX opensource modeling platform.
SURFEX includes the ISBA (Interactions between Soil, Biosphere, and Atmosphere) land surface model. This is now the only LDAS
chain able to sequentially assimilate vegetation products, jointly with soil moisture products. In particular, LAI and surface soil
moisture from the Copernicus Global Land Service (land.copernicus.eu/global) are assimilated. It is shown that: (1) since the
assimilation of LAI impacts the soil moisture analysis, and vice versa, the consistency between these products can be evaluated, (2)
the impact of the assimilation of EO data into SURFEX on river discharge can be assessed (SURFEX is coupled to the CTRIP
hydrological model), (3) the assimilation of LAI can be used to retrieve key soil-plant parameters such as the maximum available soil
water content. A new method able to disaggregate 1-km LAI products is presented. LAI disaggregation is needed to better
represent specific vegetation types such as crops. In the framework of the eartH2Observe project (www.earth2observe.eu), a
global reanalysis of vegetation and water variables was produced by LDAS-Monde from 2000 to 2013, at a spatial resolution of 1
degree. Enhanced spatial resolutions can be achieved over selected areas (e.g. 0.25 degree over Europe, 0.1 over France). Further
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technical work is ongoing in order to: (1) optimize the LDAS-Monde chain in order to achieve better spatial resolutions at a global
scale, (2) allow near-real-time operations, (3) assimilate LAI at a spatial resolution of 300 m.

Ecohydrological Land Analysis: Assimilating satellite microwave observations into a land surface model to
simultaneously simulate soil moisture and vegetation dynamics
Yohei Sawada (1), Toshio Koike (2), Jeffrey P. Walker (3), Hiroyuki Tsutsui (2)
(1) Meteorological Research Institute, Japan Meteorological Agency, (2) International Centre for Water Hazard and Risk Management, (3) Monash
University

The couplings between soil moisture and vegetation dynamics should be accurately simulated by land surface models (LSMs) for
drought seasonal prediction and realistic representation of land-atmosphere interactions in numerical weather prediction systems.
Since satellite microwave observations are sensitive to both surface soil moisture and vegetation water content, assimilating them
into a LSM is a promising approach to improve land analyses. We have been developing the Coupled Land and Vegetation Data
Assimilation System (CLVDAS), which can improve the skill of a LSM to simultaneously simulate surface soil moisture, root-zone soil
moisture, and vegetation dynamics by assimilating satellite passive microwave brightness temperature observations from AMSR-E
and AMSR2. CLVDAS can directly assimilate microwave brightness temperature into a LSM using a radiative transfer model (RTM)
as an observation operator, and improve the state vector and parameters of a LSM. In this presentation, we will quantitatively
discuss how sensitive the microwave brightness temperature observations by the AMSR series radiometers are to surface soil
moisture and vegetation water content, and evaluate the skill of the RTM using the in-situ observation of soil moisture, vegetation
states, and brightness temperature [Sawada et al., 2017 Remote Sensing doi:10.3390/rs9070655]. Then, we will present the
validation of the skill of CLVDAS to simulate the ecohydrological processes [Sawada and Koike, 2014 JGR
doi:10.1002/2014JD021536.; Sawada et al. 2015 JGR doi:10.1002/2014JD022895]. In addition, our recent applications of CLVDAS to
drought monitoring and prediction [e.g., Sawada and Koike 2016 JGR doi:10.1002/2015JD024705] will also be presented.

Towards a 3D EnKF for surface data assimilation of raw satellite radiances
Tomas Landelius, David Gustafsson, Magnus Lindskog, Patrick Samuelsson
Swedish Meteorological and Hydrological Institute (SMHI)

For atmospheric data assimilation it is well established that assimilating satellite radiance observations is preferable to the
assimilation of retrievals. By incorporating the radiative transfer model into the assimilation system, inconsistencies, duplicate use
of data and complicated errors due to the pre-processing of the retrievals can be avoided. In this project 3D EnKF techniques will be
employed to assimilate satellite radiance and backscatter data. Using EnKF it is easier to take the non-linear effects of surface
processes into account and the need for linear adjoint operators as in variational methods is removed. At the Swedish
Meteorological and Hydrological Institute the HARMONIE-AROME system is used for km-scale NWP. This system is developed in the
framework of the shared ALADIN-HIRLAM NWP system. The system includes the AROME atmospheric forecast model and the
SURFEX externalised surface scheme. SURFEX (v8) is set up with a diffuse approach for the soil and the explicit snow scheme in
order to have information about multi-layer soil and snow packs including grain size etc. that is needed to model the radiances and
the backscatter from the surface. The model domain contains 900x960 points with 2.5 km grid spacing covering the Nordic region.
In order to spin up the model and produce an initial ensemble for the EnKF the SURFEX model was run off-line from September
2016 to May 2017. Archived NWP fields were used for forcing. One year worth of forecast differences (fc+48 - fc+24 at 00 and 12
UTC) were used to generate perturbations that are consistent between the different forcing parameters. The initial ensemble will
be used to study horizontal and vertical correlation patterns in order to find out which parameters to use in the control vector and
how many ensemble members that are needed to obtain a reliable estimate of the error correlations. In order to make use of
radiances from satellite instruments accurate and efficient radiative transfer models are needed as observation operators in the DA
system. The Community Microwave Emission Modelling Platform (CMEM), developed at ECMWF is used to model the L-band from
SMOS and the C- and X-bands from AMSR2. The MEMLS3&a by Proksch et al. will be the basis for relating the snow pack properties
in the surface model to the total backscattering coefficient from the C-band SAR on board the Sentinel-1. The patchiness of the
Nordic landscape and the differences in resolution between model and observations makes the forward modelling a challenge. At
the time of the workshop we hope to present some first results from the investigation of the initial ensemble as well as
comparisons between modelled and observed satellite data. Future work will involve replacing the archive of forecast differences
with output from the ensemble NWP system that became operational Q2 2017 and investigating if ideas regarding slow manifolds
can be used to reduce the number of members needed for surface DA with EnKF.
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Surface skin temperature and its impact on satellite data assimilation at ECMWF
Cristina Lupu, Tony Mcnally, Niels Bormann, Reima Eresmaa, Massimo Bonavita
ECMWF

Studies conducted at ECMWF demonstrated a considerable benefit from assimilating surface-sensitive microwave sounding data
over land and sea-ice surfaces and from assimilating tropospheric-sensitive infrared channels over land surfaces. Further progress
with the assimilation of surface-sensitive channels in the ECMWF system will require considerable revision of the methods used to
specify surface emissivity and skin temperature. In the current ECMWF data assimilation system, the surface skin temperature is
retrieved for each satellite sounding during the 4D-Var assimilation and act as a sink variable in the analysis. This estimate is
independent from other atmospheric variables in the background error covariance and from the skin temperature at other
locations. This presentation highlights work towards improving the modelling of skin temperature for satellite data assimilation.
Different approaches will be presented, such as using sample statistics from an Ensemble of Data Assimilations (EDA) to better
characterize the magnitude and scene dependence of background error variances for skin temperature sink variable or using the
ECMWF model surface temperature. The latest impact results on the ECMWF analyses and forecasts will be discussed.

Land surface data assimilation at the Met Office and developments in snow depth analysis
Samantha Pullen, Breo Gomez, Cristina Charlton-Perez, Richard Renshaw
Met Office

The Met Office global forecasting system includes land surface data assimilation of soil moisture and snow amount. An Extended
Kalman Filter is used to analyse soil moisture, from screen level observations and ASCAT satellite soil wetness product. Northern
Hemisphere snow amount is analysed using a simple update scheme based on the NOAA Interactive Multisensor Snow and Ice
Mapping System snow cover product. Work is now underway to introduce land surface data assimilation, of both soil moisture and
snow, into the high resolution UK forecasting system. This presentation will give an overview of the land surface data assimilation
in use and in development at the Met Office, focussing on a new snow depth optimal interpolation system planned for
implementation in the UK forecasting system. Observations of snow characteristics, both ground-based and remotely sensed, have
a range of different limitations which make their assimilation in NWP systems challenging. In order to make optimum use of the
available data it is necessary to combine data sources in a complementary way. The Met Office snow depth optimal interpolation
makes use of data from ground-based station reports and from satellite, in order to enhance the observational coverage, and to
help constrain the model snow extent. Ground-based observations of snow depth are particularly important for NWP as they are
currently the only source of snow depth information suitable for assimilation. In recent years considerable effort has been put into
improving the reporting practices and exchange of ground-based snow depth observations, through initiatives of the Global
Cryosphere Watch Snow Watch Team and the European COST HarmoSnow project. This presentation will conclude with an update
on the progress and recent successes of these efforts to provide increased numbers of observations of snow depth for the
international NWP community.

Study of satellite observations synergy in order to improve surface temperature in NWP
Zied Sassi, Nadia Fourrié, Vincent Guidard, Camille Birman
CNRM, Météo-France and CNRS

The surface temperature is of major interest in surface processes understanding. However, its variability and dependence on
surface parameters makes its modelization so difficult over land. Actually, surface schemes in NWP use analyzed surface
temperatures based on T2m temperature, which is not so accurate over land. The goal of this research is to investigate an
alternative method based on retrieved Land Surface Temperatures (LST). An accurate description of surface properties is necessary
to assimilate satellite observations sensitive to the surface, both in the infrared and in the microwave spectra. The current
approach uses window channels, which are particularly sensitive to surface radiation, and are less impacted by the atmosphere.
These brightness temperatures are then used in order to retrieve surface temperature, by solving the inverse problem of the
radiative transfer equation. Auxiliary variables such as surface emissivities are also needed for the retrieval. The considered
operational assimilation system uses mono channel LST retrieval method among the possible processing methods for LST retrieval
and RTTOV. This retrieved LST enables the model to assimilate more surface and lower atmosphere sensitive satellite channels.
The first part of this work is to study the synergy between LST values that are retrieved from the different Infrared and Microwave
sensors in AROME-France model. We have been focusing on IASI, SEVIRI, AMSU-A and AMSU-B sensors. All comparisons have been
set against SEVIRI retrieved LST. First results show an encouraging synergy between infrared sensors IASI and SEVIRI retrieved LSTs.
A comparison during the October 2017 month for clear sky conditions shows a bias of less than 0.5K and a standard deviation of
about 2K. A better synergy is noticed during night-time reaching a bias of about 0.6K and a standard deviation of 1.2K. More
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detailed comparisons were run over different assimilation windows with a comparison of diurnal cycle for both sensors. The study
of IASI and SEVIRI retrieved LSTs is extended to different seasons and using different emissivity atlas. In the other hand, the
comparison of microwave sounders AMSU-A/MHS retrieved LST to SEVIRI shows a less than 1K bias. However, a higher standard
deviation of about 6K is noticed, especially over coastal areas where the differences can reach higher values. The anomalies might
be explained by the different sensitivities to undetected clouds, wet land parcels and also by different signal penetration depths
between infrared and microwave wave-lengths. Nevertheless, the comparison of diurnal cycles show comparable trends especially
during daytime. The next step is to study the simulation of the other sensors brightness temperatures by using a retrieved LST. This
research aims not only to evaluate how much retrieved LST or simulated brightness temperatures are comparable but also to
investigate the opportunity of considering retrieved LST for assimilation in surface schemes in order to progress towards coupled
assimilation.

Session 4 – Climate Services and User Requirements
Long-term archives of land surface albedo products through the EUMETSAT/LSA-SAF: product portfolio and project
development plans
Dominique Carrer (1), Xavier Ceamanos (1), Gabriel Lellouch (1), Catherine Meurey (1), Suman Moparthy (1), Florian Pinault (1), Carole Planque (1),
Chloé Vicent (1), Isabel Trigo (2)
(1) Météo France, CNRM-GAME, UMR3589 (2) Instituto Português do Mar e da Atmosfera (IPMA)

The on-going european space program managed by EUMETSAT (LSA-SAF, CDOP-3 phase) provides (or will provide) satellite
products with added values for the meteorological and environmental science communities, especially in the fields of climate
modelling, environmental management, natural hazards management and climate change detection. The EUMETSAT/LSA-SAF
project started in 1999 with research and development activities. Its current third Continuous Development and Operations Phase
(CDOP-3) started in March 2017 and will end in 2022. This project uses instruments on board geostationary (Meteosat Second
Generation) or polar (EUMETSAT Polar Satellite) European satellites that were, or will be, launched between 2004 and 2022. While
geostationary satellites support the generation of daily surface albedo products over part of the Earth, polar satellites support the
generation of global products with a longer generation period, for exemple EPS ten-daily product. Here, we present the portfolio
of the surface albedo products currently disseminated with an operational status within the LSA-SAF project, including their
characteristics and accuracy. Also we present the development plans to prepare the arrival of the next generation of EUMETSAT
satellites (MTG, EPS-SG). This program provides a great opportunity to monitor and identify human-induced climate change since
consistent production of data sets is guaranteed until at least 2022.

The LSA-SAF vegetation suite: FVC, LAI and FAPAR
F. J. García-Haro, F. Camacho-de Coca, M. Campos-Taberner, B. Martínez, S. Sánchez, J. Sánchez, A. Moreno, M.A. Gilabert
Universitat de Valencia

The Satellite Application Facility for Land Surface Analysis (LSA SAF) generates and disseminates, on an operational basis, daily and
10-day FVC, LAI and FAPAR products derived from SEVIRI/MSG BRDF data for the whole Meteosat disk. The products are spatially
and temporally consistent and present practically no missing data except for areas that are usually covered by snow. The current
version has been recently used to reprocess the SEVIRI/MSG archive, in order to obtain a continuous and homogeneous dataset of
Climate Data Records (CDR) of SEVIRI/MSG vegetation parameters suitable for many environmental and climate application. In
addition, a new 10-day LSA SAF gross primary production (GPP) product related to the carbon uptake of terrestrial vegetation by
photosynthesis has been developed from SEVIRI/MSG data. The LSA SAF has also developed a second set of global FVC, LAI and
FAPAR products from AVHRR/Metop, which emphasizes the use of physically based methods for a joint retrieval of vegetation
variables. The approach relies on a hybrid method through the generation of a reflectance Radiative Transfer Model (RTM)
simulations to train Gaussian Process Regression (GPR) models. In addition, a Canopy Water Content (CWC), which are targeted for
fire risk monitoring, soil moisture estimation and drought monitoring, is under development. The LSA SAF vegetation products
provide well-characterized uncertainty on a pixel-by-pixel basis, taking into account the uncertainty of retrieval method, input
errors propagation as well as the retrieval conditions. This uncertainty estimate is especially useful for data assimilation
applications. In addition, the vegetation products are routinely validated. The adopted strategy for validation of SEVIRI/MSG and
AVHRR/Metop based vegetation products consists of three main steps: (1) evaluation of errors in the main variables used as input
for algorithm and assessment of the impact on products; (2) inter-comparison with other satellite derived vegetation products; and
(3) comparison with in situ measurements. In particular, the temporal consistency of the LSA-SAF products has been successfully
assessed over a network of homogeneous sites and comparing them with those of equivalent MODIS (MOD15) and COPERNICUS
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Global Land (SPOT and PROBAV) products. Although the polar-orbiting satellite-based products usually present poor geographical
coverage in areas with high cloud occurrence, the Metop products generally present no missing data in the tropical, subtropical and
warm temperate regions, except for areas covered by snow. During the third Continuous Development and Operations Phase
(CDOP-3), the LSA-SAF will ensure the continuity of the service, with the adaptation of the current algorithms to the new
generation of EUMETSAT satellites. The on-going european space program managed by EUMETSAT (LSA-SAF, CDOP-3 phase)
provides (or will provide) satellite

Derived Land Surface Temperature (DLST) product for MSG/SEVIRI
Frank-Michael Goettsche
Karlsruhe Institute of Technology (KIT)

Land use, vegetation and other surface characteristics have significant influence on Land Surface Temperature (LST) and the diurnal
temperature cycle (DTC). However, LST is also influenced by the current and previous weather situation, e.g. atmospheric
transparency (cloud, aerosol, and water vapor) and soil moisture availability. Therefore, instantaneous LST values are of limited use
for analyses of annual and inter-annual variations and short term synoptic effects need to be separated from the more permanent
surface characteristics. Since October 2017 the Land Surface Analysis Satellite Application Facility (LSA SAF) operationally generates
the Derived Land Surface Temperature (DLST) product, which represents 10-day thermal characteristics of the land surface and
provides a generalized characterization of LST temporal dynamics. DLST consist of two sub-products: maximum and median
temperature composites and so-called Thermal Surface Parameters (TSP), the parameters of a DTC model fitted to the composites.
While maximum temperature composites approximate the hottest (driest) day in a composite-interval, median composites
approximate the most frequently encountered (typical) day. Together composites and TSP provide 10-day syntheses of LST and
spatially smooth fields of maximum and minimum temperature.

The full temperature cycle – towards a combined annual and diurnal temperature model
Benjamin Bechtel, Panagiotis Sismanidis, Frank Göttsche
University of Hamburg

The high spatiotemporal variability as well as gaps due to clouds limit the understanding and exploitation of remotely sensed LST
datasets. An approach with high potential to overcome some of these limitations is the analysis of multi-temporal LST time series
by modeling either the diurnal temperature cycle (DTC) (Göttsche and Olesen, 2001) or the annual temperature cycle (ATC)
(Bechtel, 2012). The latter is derived from multi-year time series of LST data and leads to a robust estimation of the seasonal
climatology of LST and day-specific anomalies (= residuals). In (Bechtel, 2015) this ATC-modeling method has been applied to the
archive of 1 km daily MODIS Terra and Aqua LST observations. More recently, this method was transferred to SERIVI LST data
(Sismanidis et al., 2018) and the usability of the end-result was also tested in various applications (Bechtel and Sismanidis, 2018;).
However, for polar orbiters, such as MODIS, the ATC can only be modeled for the overpass times, while for geostationary sensors
the end-result is hampered by the coarse spatial resolution of the data. Thus, recent attempts were made, to fuse geostationary
and polar ACP and to generate a full temperature cycle (FTC) model, with increased spatial detail, that combines both the ATC and
DTC. Preliminary results of these efforts are presented. References Bechtel, B., 2015. A New Global Climatology of Annual Land
Surface Temperature. Remote Sens. 7, 2850–2870. Bechtel, B., 2012. Robustness of Annual Cycle Parameters to Characterize the
Urban Thermal Landscapes. Geosci. Remote Sens. Lett. IEEE 9, 876–880. https://doi.org/10.1109/LGRS.2012.2185034 Bechtel, B.,
Sismanidis, P., 2018. Time series analysis of moderate resolution land surface temperatures, in: Weng, Q. (Ed.), Remote Sensing:
Time Series Image Processing. Taylor & Francis. Göttsche, F.-M., Olesen, F.S., 2001. Modelling of diurnal cycles of brightness
temperature extracted from METEOSAT data. Remote Sens. Environ. 76, 337–348. https://doi.org/10.1016/S0034-4257(00)00214-5
Sismanidis, P., Bechtel, B., Keramitsoglou, I., Kiranoudis, C.T., 2018. Mapping the Spatiotemporal Dynamics of Europe’s Land Surface
Temperatures. IEEE Geosci. Remote Sens. Lett. 15(2): 202-206. https://doi.org/10.1109/LGRS.2017.2779829

Usage of LSA SAF Products for Expert End-Users and Their Potential Applications in Specific Weather Situations
Bostjan Muri, Mateja Irsic Zibert
Slovenian Environment Agency (ARSO)

Slovenian Environment Agency (ARSO) has prepared a number of showcases focusing on hands-on examples of usage of LSA SAF
products. These are aimed at expert end-users, namely, in-house meteorological forecasters, a variety of agrometeorological and
climatological experts, hydrological modellers as well as providing support to external customers (e.g. applications for energy
industry). Showcases highlight benefits of using these satellite products in the daily routine of aforementioned experts. Featured
showcases focus on a wide range of topics. Usefulness of satellite derived land surface temperature in extreme weather situations
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is demonstrated (heat waves, urban heat islands, vegetation frost in spring and support to road management for detection of icing
in specific weather situations). In the scope of vegetation and evapotranspiration monitoring, several applications are in place at
ARSO. Additionally, direct shortwave radiation is of high importance for supporting operators of solar power plants. Showcases
integrate LSA SAF products with other data sources such as NWP and in-situ ground measurements. In addition to showing
practical applications of LSA SAF products, we also aimed to make a comparison between MSG and METOP-based product. By
doing this, one is able to imagine the benefits of future MTG-based products that will have even higher spatial resolution than
METOP and higher temporal resolution than MSG.

All-weather land surface temperature estimates from microwave satellite observations, over several decades and
real time: methodology and comparison with infrared estimates
Carlos Jimenez (1,2), Catherine Prigent (2,1,3), Filipe Aires (2,1,3), and Sofia Ermida (4)
(1) Estellus, (2) LERMA, Observatoire de Paris, (3) Department of Earth & Environment Engineering, Columbia University, (4) Instituto Dom Luiz, IDLFCUL

The land surface temperature can be estimated from satellite passive microwave observations, with limited contamination from
the clouds as compared to the infrared satellite retrievals. With ∼60% cloud cover in average over the globe, there is a need for “all
weather,” long record, and real-time estimates of land surface temperature (LST) from microwaves. A simple yet accurate
methodology is developed to derive the land surface temperature from microwave conical scanner observations, with the help of
pre-calculated land surface microwave emissivities. The method is applied to the Special Sensor Microwave/Imagers (SSM/I) and
the Earth observation satellite (EOS) Advanced Microwave Scanning Radiometer (AMSR-E) observations, regardless of the cloud
cover. The SSM/I results are compared to infrared estimates from International Satellite Cloud Climatology Project (ISCCP) and
from Advanced Along Track Scanning Radiometer (AATSR), under clear-sky conditions. Limited biases are observed (∼0.5 K for both
comparisons) with a root-mean-square difference (RMSD) of ∼5 K, to be compared to the RMSE of ∼3.5 K between ISCCP et AATSR.
AMSR-E results are compared with the Moderate Resolution Imaging Spectroradiometer (MODIS) clear-sky estimates. As AMSR-E
and MODIS are on board the same satellite, this reduces the uncertainty associated to the observations match-up, resulting in a
lower RMSD of ∼ 4K. AMSR-E is also compared with the Spinning Enhanced Visible and Infrared Imager (SEVIRI), the Geostationary
Operational Environmental Satellite (GOES) Imager, and the Japanese Meteorological Imager (MTSAT). When comparing with all
infrared sensors, the STD of the differences between microwave and infrared LST is generally higher than between IR retrievals.
However, the biases between microwave and infrared LST are, in some cases, of the same order as the ones observed between
infrared products. The microwave LSTs are also compared to in situ LST time series from a collection of ground stations over a large
range of environments. For 22 stations available in the 2003-2004 period, SSM/I LSTs agree very well for stations in vegetated
environments (down to RMSD of ∼2.5 K for several stations), but the retrieval methodology encounters difficulties under cold
conditions due to the large variability of snow and ice surface emissivities. For 10 stations in the year 2010, AMSR-E presents an allstation mean RMSD of ∼4.0 K with respect tom the ground LSTs. Over the same stations, MODIS agrees better (RMSD of 2.4 K), but
AMSR-E provides a larger number of LSTs estimates by being able to measure under cloudy conditions, with an approximated ratio
of 3 to 1 over the analysed stations. At many stations the RMSD of the AMSR-E clear and cloudy-sky are comparable, highlighting
the ability of the microwave inversions to provide LSTs under most atmospheric and surface conditions.

The EUSTACE project: delivering global, daily information on surface air temperature
Nick A. Rayner, Renate Auchmann, Janette Bessembinder, Stefan Brönnimann, Yuri Brugnara, Francesco Capponi, Esther Conway, Pia Englyst, Darren
Ghent, Elizabeth Good, Jacob Høyer, John Kennedy, Albert Klein Tank, Paul van der Linden, Finn Lindgren, Kristine Madsen, Chris Merchant, Joel
Mitchelson, Colin Morice, Patricio Ortiz, John Remedios, Gerard van der Schrier, Antonello Squintu, Ag Stephens, Rasmus Tonboe, Karen Veal, Alison
Waterfall and Iestyn Woolway

Day-to-day variations in surface air temperature affect society in many ways; however, daily surface air temperature
measurements are not available everywhere. A global daily analysis cannot be achieved with measurements made in situ alone, so
incorporation of satellite retrievals is needed. To achieve this, in the EUSTACE project (2015-2018, https://www.eustaceproject.eu)
we have developed an understanding of the relationships between traditional (land and marine) surface air temperature
measurements and retrievals of surface skin temperature from satellite measurements, i.e. Land Surface Temperature, Ice Surface
Temperature, Sea Surface Temperature and Lake Surface Water Temperature. Here we discuss the science needed to produce a
fully-global daily analysis (or ensemble of analyses) of surface air temperature on the centennial scale, integrating different groundbased and satellite-borne data types. Information contained in the satellite retrievals is used to create globally-complete fields in
the past, using statistical models of how surface air temperature varies in a connected way from place to place. This includes
developing new “Big Data” analysis methods as the data volumes involved are considerable. We will present recent progress along
this road in the EUSTACE project, i.e.: • identifying inhomogeneities in daily surface air temperature measurement series from
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weather stations and correcting for these over Europe; • estimating surface air temperature over all surfaces of Earth from surface
skin temperature retrievals; • using new statistical techniques to provide information on higher spatial and temporal scales than
currently available, making optimum use of information in data-rich eras.

Low Frequency Passive Microwave User Requirement Consolidation Study
Maria Jose Escorihuela, N. Rodriguez-Fernandez, J. Grant, P. Ferrazzoli, T. Pellarin, A. Al-bitar, T. Kaminsky, M. Piles, L. Kaleschke, M. Leduc-Leballeur,
G. Picard, G. Macelloni, M. Schwank, J. Boutin, P. de Rosnay, and Y.H. Kerr
isardSAT

This presentation aims to revisit the user requirements of low frequency PMW missions over land such as SMOS, SMAP and AMSR.
A wealth of applications and science topics have emerged from those missions, many being of operational value (Kerr et al. 2016,
Munõz-Sabater et al. 2016, Mecklenburg et al. 2016). We will be reviewing the State of Art of those applications that have been
shown to be key to monitor the water and carbon cycle over land surfaces. The assimilation of L Band data (brightness
temperatures and soil moisture maps) from SMOS mission into eco-hydrological models has showed a significant increase in the
skill of the surface and root zone soil moisture estimates over Murray Darling Basin Australia (Lievens et al. 2015a,b). Other studies
showed similar results (Ridler et al. 2014, Leroux et al. 2015). Those results showed the potential of SMOS for the monitoring of
agricultural drought. Several other studies addressed the estimation of root zone soil moisture and drought indexes from L Band
data (Al Bitar et al. 2013, Kerr et al. 2016, Reichle et al. 2016). These products are already used in drought early alert systems by the
USDA. Global estimates of above ground biomass (biomass per unit surface, t/ha) for forest and non-forest areas during the past
two decades were derived from an AMSR-E VOD dataset (Liu et al., 2015). Recently, Rahmoune et al. (2015) and Vittucci et al.
(2016a) found a significant correlation between vegetation optical depth (VOD) retrieved by SMOS and forest height (or forest
biomass). A subsequent comparative analysis demonstrated that the L band VOD product is better correlated with forest biomass
than the AMSR-2 VOD, particularly in tropical forests (Vittucci et al., 2016b) Terrestrial carbon and water cycles are tightly coupled
through stomatal conductance. This means that observations of atmospheric carbon dioxide can be used to constrain water fluxes
(see, e.g. Kaminski et al., 2012) and, vice versa, observed soil moisture provides a constraint on the carbon cycle. In their Carbon
Cycle Data Assimilation System (CCDAS) Scholze et al. (2016) demonstrated that the soil moisture product derived from SMOS is an
important observational constraint that, in particular over dry regions, is complementary to the constraint from atmospheric CO2
observations and achieves, together with atmospheric CO2, uncertainty reductions in simulated Net Primary Productivity (NEP) or
Net Ecosystem Productivity (NEP) of 70 to 95%.

Lessons learned from ESA Due GlobTemperature and plans for ESA LST CCI
Darren Ghent
University of Leicester

The aim of the ESA Due GlobTemperature project has been to drive forward satellite Land Surface Temperature (LST) datasets,
providing a one-stop shop for global-scale land, lake and ice temperature data to promote user uptake by research and operational
communities. The success of our user consultations and ongoing interactions with users has defined much of the project: setting
the specifications and testing of LST products, ensuring data formats and data access are as user-friendly as possible, and the
establishment of a working group (ILSTE) for guidance from key international experts. The project has enhanced the portfolio of
global LST products from Earth Observation available to users advancing our understanding of LST science. Notable successes
include: a first Merged LST Product combining data from Geostationary and Polar Orbiting satellites; a first Prototype Climate Data
Record for the ATSR sensors; first high quality LST products from microwave sensors; a powerful Data Portal delivering multi-sensor
multi-year LST products; an enhanced LST product from Sentinel-3A; improved understanding on cloud masking and uncertainty
analysis; multi-sensor validation and intercomparison analysis; demonstration studies on application of GlobTemperature data; and
a strong publications record from the Project. Here we present the main highlights from the project.

Session 5 – Soil moisture, surface fluxes, radiative products
The contribution of L-band observations to characterising land-atmosphere interactions
Susanne Mecklenburg (1), M.Drusch (1), Y.Kerr (2), A.AlBitar (2), N.Rodriguez-Fernandez (2), K.Rautiainen (3), T.Kaminski (4), M.Scholze (5), J.Grant
(6), P.de Rosnay (7), J.Munoz-Sabater (7), B.Martens (8)
(1) European Space Agency (ESA), (2) CESBIO, (3) FMI, (4) InversionLab, (5) University of Lund, (6) NSO, (7) ECMWF, (8) University of Ghent

Measurements in L-Band are a rather new observation type for scientific and operational user communities. They allow accurate
global observations of emitted radiation originating from land and ocean surfaces since the atmosphere is almost transparent in
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this spectral range. Three dedicated (passive) L-Band missions, namely ESA’s SMOS and NASA’s Aquarius and SMAP missions,
provide(d) global measurements of brightness temperatures over the Earth’s surfaces, thus characterising the land surface and its
interaction with the atmosphere. This paper will focus on the European Space Agency’s (ESA) Soil Moisture and Ocean Salinity
(SMOS) mission, in orbit for more than 8 years. SMOS data products that contribute to the characterisation of the land surface, in
addition to brightness temperature measurements, are soil moisture, vegetation optical depth and soil freeze and thaw state.
SMOS brightness temperatures and soil moisture measurements have been assimilated, constraining the land – atmosphere
interactions, into numerical weather prediction, carbon assimilation schemes, and evaporation models. This paper will give a
synthesis of the current work: • ECMWF is continuously monitoring SMOS brightness temperatures over land and ocean and using
them successfully for their soil moisture analysis; the integration into the Integrated Forecasting System is planned for 2018. •
Assimilating SMOS surface soil moisture into a carbon assimilation scheme built around a terrestrial biosphere model was found to
improve estimates of net ecosystem exchange (NEE). • Assimilating SMOS surface soil moisture and AMSR-E derived vegetation
optical depth into an evapotranspiration model was found to improve latent heat flux estimates over Australia. After more than 8
years in orbit, SMOS starts to provide a valuable source of data for observing and understanding longer-term processes and
phenomena that were not necessarily targeted in the original mission design (e.g., drought pattern monitoring). This paper will give
a first indication of how SMOS can contribute to these aspects.

Comparison of SMOS, SMAP, ASCAT and AMSR2 Level-1 data in terms of their soil moisture information content
Moritz Link, Matthias Drusch, Klaus Scipal
European Space Agency

Low-frequency microwave brightness temperature and backscatter observations are sensitive to surface soil moisture, a key
variable for applications like numerical weather prediction, drought monitoring and climate modeling. With ESA’s Soil Moisture and
Ocean Salinity (SMOS) mission and NASA’s Soil Moisture Active Passive (SMAP) mission, two L-band radiometers dedicated to soil
moisture monitoring are currently in orbit. In addition, operational soil moisture products exist based on EUMETSAT MetOp C-band
advanced scatterometer (ASCAT) and JAXA GCOM-W multi-frequency radiometer (AMSR2) data. This study assesses the soil
moisture information content in Level-1 data from the above-named sensors by comparing multi-year time series of brightness
temperature and backscatter observations with ground truth information from in situ soil moisture networks of the International
Soil Moisture Network (ISMN). Specific focus lies on the comparison between frequencies (L-band, C-band, X-band) and sensor
types (active and passive) as well as the added value of multi-angular brightness temperature observations (e.g. from SMOS) with
respect to fixed incidence angle observations. The study will provide insights into the suitability of different sensor types for soil
moisture estimation as well as for Level-1 data assimilation into land surface models. The results shall assist the definition of new
observation concepts and the identification of synergies between planned or existing satellite missions.

Improving the SMAP Level-4 Soil Moisture Product: The Good, the Bad, and the Ugly
Rolf Reichle, Q. Liu, and R. D. Koster
NASA/GSFC

The NASA Soil Moisture Active Passive (SMAP) mission generates, among other data sets, the Level-4 Soil Moisture (L4_SM)
product. The L4_SM algorithm is based on the assimilation of SMAP radiometer brightness temperature observations into the
NASA Catchment land surface model using a spatially distributed ensemble Kalman filter. The L4_SM data are published with a
mean latency of ~2.5 days from the time of observation and provide global, three-hourly, 9-km resolution estimates of surface and
root-zone soil moisture and related land surface states and fluxes. In 2018, the product was upgraded from Version 3 to Version
4. Underlying the new version is a revised modeling system that includes improved input parameter datasets for land cover,
topography, and vegetation height that are based on recent, high-quality space-borne remote sensing observations. Land cover
inputs were updated to the GlobCover2009 product, which is based on satellite observations from the Medium Resolution Imaging
Spectrometer. Topographic statistics now rely on observations from the Shuttle Radar Topography Mission. Finally, vegetation
height inputs are derived from space-borne Lidar measurements. Additionally, SMAP Level-2 soil moisture retrievals and in situ
soil moisture measurements were used to calibrate a particular Catchment model parameter that governs the recharge of soil
moisture from the model’s root-zone excess reservoir into the surface excess reservoir. Specifically, the replenishment of soil
moisture near the surface from below under non-equilibrium conditions was substantially reduced, which brings the model’s
surface soil moisture more in line with the SMAP Level-2 and in situ soil moisture. Finally, the calibration of the assimilated SMAP
brightness temperatures changed substantially from Version 3 to Version 4. Considerable effort went into the version upgrade,
creating an expectation that the new version is improved over the old version. Indeed, some aspects of the new version are clearly
better. However, other aspects are not, and on balance, the overall improvement is modest at best. In this presentation we
summarize the skill of the new and old versions vs. independent in situ measurements and in terms of data assimilation diagnostics,
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including, for example, the statistics of the (soil moisture) analysis increments and the observation-minus-forecast (brightness
temperatures) residuals. We share our experience with trying to improve to the L4_SM product and the lessons learned from the
effort.

Towards creating a ESA CCI Level 4 root zone soil moisture product using land surface data assimilation
Jostein Blyverket (1,2), Paul D. Hamer (1), Laurent Bertino (3), William A. Lahoz (1) and the ESA CCI Soil Moisture Team Rolf Reichle, Q. Liu, and R. D.
Koster
(1) Norwegian Institute for Air Research (2) University of Bergen (3) Nansen Environmental and Remote Sensing Center

The European Space Agency Climate Change Initiative for soil moisture (ESA CCI SM) was initiated in 2012 for a period of 3 years,
renewed for a further 3 years in 2014 and in 2018 extended for 9 months, the objective for this period was to produce the most
complete and consistent global soil moisture data record based on both active and passive sensors. The ESA CCI SM products
consist of three surface soil moisture datasets: The ACTIVE product and the PASSIVE product were created by fusing scatterometer
and radiometer soil moisture data, respectively. The COMBINED product is a blended product based on the former two datasets.
However, there is no Level 4 root zone soil moisture product, similar to what the SMAP team deliver. In this study we assimilate
both the ACTIVE and PASSIVE product at a 25 km spatial resolution over the contiguous United States. The different satellite
platforms have different overpass times, an observation is mapped to 00.00, 06.00, 12.00 or 18.00 if it falls within a 3 hour window
centred at these times. We use the SURFEX land surface model with the ISBA diffusion scheme for the soil hydrology. For the
assimilation routine we apply the Ensemble Transform Kalman Filter (ETKF). The land surface model is driven by perturbed NLDAS
atmospheric forcing data, which has a temporal resolution of one hour and is mapped to the SURFEX model grid. Bias between the
land surface model and the ESA CCI product is removed by cumulative distribution function (CDF) matching. This work is a step
towards creating a global root zone soil moisture product from the most comprehensive satellite surface soil moisture product
available. As a first step we consider the period from 2015 – 2017, over the contiguous United States where there are numerous in
situ soil moisture stations for validation. This also allows for comparison against other global root zone soil moisture products
(SMAP Level 4, which is independent of the ESA CCI SM product).

LSA-SAF ET&SF – version 2: an improved monitoring of evapotranspiration & surface heat fluxes thanks to the
assimilation of vegetation and land surface temperature
Nicolas Ghilain, A. Arboleda, J. M. Barrios, F. Gellens-Meulenberghs
Royal Meteorological Institute of Belgium

Monitoring evapotranspiration in near-real time over large continental areas has been requested by organizations needing a
valuable indicator of loss of soil water to feed several applications and services related to hydrology and agriculture. In the same
time, surface heat fluxes, the latent and sensible heat fluxes, may be valuable to better understand the evolution of the partitioning
of the energy at the surface. In the EUMETSAT’s Satellite Application Facility of the Land Surface Analysis (LSA-SAF),
evapotranspiration has been monitored daily and half-hourly for 7 years continuously in near-real time over Europe, Africa, South
America and Middle East at a resolution of 3 to 5 km, making use of short-term weather forecasts and some satellite information.
This year, LSA-SAF has implemented an enhanced algorithm to provide the version 2 products of evapotranspiration and surface
heat fluxes. Among other, the enhanced algorithm assimilates more satellite data, especially vegetation parameters and land
surface temperature, for a closer and even more realistic monitoring of those variables especially in semi-arid areas. In this
contribution, we will present our methodology, results from the new products released, and an illustration of the performances
when compared to other similar products and to ground observation.

Evapotranspiration mapping across an aridity gradient in conterminous US by combining thermal remote sensing
with Penman-Monteith and Shuttleworth-Wallace model
Kaniska Mallick, Nishan Bhattarai, Nathaniel Brunsel, Ge Sun, Meha Jain
Luxembourg Institute of Science and Technology

Radiometric surface temperature (TR) measured through thermal infrared (TIR) remote sensing provides direct information on the
land surface moisture status and surface energy balance (SEB) partitioning. Similarly, the Penman-Monteith (PM) and its variant
Shuttleworth-Wallace (SW) models are the most pragmatic and physical models for estimating SEB fluxes (Evapotranspiration, E;
Sensible heat flux, H) from the terrestrial surfaces. Considering the central role of TIR remote sensing and the PM-SW model, we
demonstrated an image-based implementation of a recently developed Surface Temperature Initiated Closure (STIC1.2) model by
leveraging the combined strength of PM-SW for estimating E (and H) across an aridity gradient in the conterminous United States.
STIC1.2 is an emergent method which integrates TR information into the PM-SW formulation for estimating E, H, conductances,
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and E components (i.e., evaporation, EE and transpiration, ET). STIC1.2 combines TR data with the standard SEB equations and a
modified advection–aridity hypothesis for deriving a PM closure that does not require parameterisations of the surface to
atmosphere conductance terms; instead the conductances are analytically retrieved. Taking advantage of the psychrometric
relationship between temperature and vapor pressure, this method retrieves land surface wetness (M) from the gradients of TR,
surface dew point temperature (TSD), air dew point temperature (TD) and air temperature (TA) to constrain the conductances. STIC
is driven with TR, TA, relative humidity (RH), net radiation (RN), and ground heat flux (G). Thermal and optical remote sensing data
from MODIS (Moderate Resolution Imaging Spectroradiometer) on-board Terra sensor at 1 km spatial resolution was used for
generating spatially explicit E. The performance of STIC1.2 is extensively evaluated by comparing the results from high frequency
eddy covariance measurements of E and H in multiple biomes, dry to wet extremes, and contrasting precipitation years. When
observed E from one wet, one dry, and one normal precipitation year from all sites were combined, STIC1.2 explained 66% of the
variability in observed 8-day cumulative E with a root mean square error (RMSE) of 7.4 mm/8-day, mean absolute error (MAE) of 5
mm/8-day, and percent bias (PBIAS) of 4 %. These error statistics showed relatively better accuracies than a widely used SEB-based
Surface Energy Balance System (SEBS) model and the PM-based MOD16 official E product. SEBS was found to overestimate (PBIAS
28 %) and MOD16 was found to underestimate E (PBIAS 26 %). The performance of STIC1.2 was better in forest and grassland
ecosystems as compared to cropland (20% underestimation) and woody savanna (40%overestimation). Model intercomparison
suggested that E differences between the models are robustly correlated with the aerodynamic conductance and associated
roughness length estimation uncertainties which are intrinsically connected to TR uncertainties, vapor pressure deficit (DA), and
vegetation cover.

Session 6 – Land Surface Temperature, Forward Modeling and Emissivity
Surface products of GK-2A
Chu-Yong Chung, In-chul Shin, Sung-Rae Chung, Seonkyun Baek and GK-2A science team
National Meteorological Satellite Center, Korea Meteorological Administration

Geo-KOMPSAT-2A (GK-2A) is planning to be launched on November 2018, which is the second Korean geostationary meteorological
satelite. GK-2A will has 16 channel Advanced Meteorological Imager (AMI) similar to Himawari-8 AHI and GOES-16 ABI. KMA is
developing surface application products from this AMI measurements. 52 baseline products include land and sea surface
temperature(LST and SST), snow and sea ice cover, surface emissivity and albedo, vegetation indices (NDVI, LAI, etc.), vegetation
green fraction, snow depth and ocean current. Together with these baseline products, more efforts have been made to monitor
surface environmental information and changes. Soil moisture is estimated by fitting method between temperature vegetation
dryness index (TVDI) and Global Land Data Assimilation System (GLDAS) soil moisture analysis. Drought will be monitored based on
vegetation health index (VHI), and flooding and flooded area will be estimated using 500m resolution RGB composite image. SST
anomaly, ocean front, eddy, upwelling age and icing products are being developed for the ocean environment monitoring. This
presentation provides general introduction of these surface application products of GK-2A. More information can be found on
related poster presentations from GK-2A science team.

Microwave observation and modelling of radiative and heat-water transfer processes on the Tibetan Plateau
Bob Su
University of Twente

Since 2006 the Tibetan plateau observatory for soil moisture and soil temperature (Tibet-Obs, Su et al., 2011, HESS) has been in
operation and has provided valuable dataset for land-atmosphere process studies. The networks and collected data have been
used for calibration and validation of satellite soil moisture retrieval algorithms and data products as well as for improving
numerical model parameterizations (Su et al., 2013, JGR; Zheng et al., 2015a, b, JHM; 2017a, JHM, b, JGR) and for understanding
passive and active microwave signals (Dente et al., 2015, RSE; Wang et al., 2016, JAG; Lv et al., 2014, RSE). Most recently an in-situ
microwave radiometer (ELBARA III from ESA) has been operating at the Maqu site of the Tibet-Obs, as such coherent process
observation, process modeling and radiative transfer modeling can be conducted (Zheng et al., 2017, TGRS) to examine landatmosphere interactions. We report here recent results of these experiments in combined radiative transfer and heat-water
transfer processes and in understanding SMOS/SMAP observation signals and data products – these are related to a new insight of
the penetration depth and its quantification for soil moisture products (Lv et al., 2018), benefit of synergistic use of active and
passive microwave observations for soil moisture retrieval (Wang et al., 2018), and inference of subsurface parameters from
radiometric observations. References Dente, L., et al. 2014, RSE, 155, 222-238. Lv, S., et al. 2014, RSE, 152, 356-363. Lv, S., et al.
2018, RS, 10(4), 519. Su, Z., et al. 2013, JGR, 118 (11), pp 5304–5318. Su, Z., et al. 2011, HESS, 15, 2303–2316. Wang, Q., et al. 2016,
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JAG, 45, Part B pp. 165-177. Wang, Q., et al. 2018, ISPRS PRS (In review). Zheng, D., et al. 2015a, J. hydrometeorol., 16 (6) 2659–
2676. Zheng, D., et al. 2015b, J. hydrometeorol., 16 (6) 2677–2694. Zheng, D., et al. 2017a, JGR, 1488-1504. Zheng, D., et al. 2017b,
J. Hydrometeorol., 18(6), 1749-1763. Zheng, et al. 2017, IEEE TGRS, 55(9), 5324-5338.

A linear programming (LP) approach to the retrieval of hyperspectral infrared surface emissivity
Tim Hultberg, Thomas August
EUMETSAT

The infrared surface emissivity within a footprint of a satellite instrument, such as IASI with a footprint size of 12 km at nadir, varies
according to the different surface types found within the footprint. It is therefore natural to represent the overall (effective)
spectral emissivity of each footprint as a convex combination (a weighted average with all weights between 0 and 1 and summing
up to one) of a collection of base emissivity spectra. This representation naturally models the combined emissivity in a field of view
composed of several different surface types and excludes unrealistic emissivity spectra from the feasible state-space. The fact that
we are able to represent emissivity as a convex combination of base spectra places emissivity in a unique position among the
parameters retrieved from hyper spectral infrared measurements. These natural bounds on the surface emissivity helps to
disentangle the effects of the surface skin temperature and emissivity. We show how to set up an LP model for simultaneous
retrieval of surface skin temperature and emissivity subject to the convex combination constraints, and implement it using the
open source algebraic modeling language FLOPC++ and the companion LP solver from the Computational Infrastructure for
Operations Research (COIN-OR). The retrieval is only performed for cloud free footprints and makes use of temperature, humidity,
ozone and CO2 profiles from EUMETSAT’s high quality statistical PWLR3 retrieval. The results demonstrate the feasibility of the LP
approach for retrieval of surface emissivity in clear sky footprints. Finally quality control and observed differences with respect to
other sources of hyperspectral infrared emissivity are discussed.
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Posters
P1
Towards Understanding Dynamics between Vegetation and Secondary Water Resources in Semi-Arid Regions via
Remote Sensing
Çağlar Küçük, Martin Jung, Nuno Carvalhais, Mirco Migliavacca and Markus Reichstein

The role of drylands in terrestrial biosphere is quite important since they cover 1/3 of the global land cover and also host 1/3 of the
terrestrial net primary production. Moreover, an expansion is expected on drylands due to climate change. Semi-arid regions are
particularly interesting due to the uneven distribution of rainfall, strong fluctuations in water table depth and mixed vegetation
types on top.
The dynamics between vegetation and secondary water sources in dry seasons of the semi-arid regions are not yet fully understood
in global scale. The vegetation dynamics in water limited systems are much more complex than non-limited systems considering
vegetative and hydrological parameters. Rooting depth and water use efficiency can be the first examples for vegetative
parameters while soil type and soil moisture in various depths are for hydrological parameters.
Depending on the preliminary analysis conducted, daily time series of FAPAR alone is even enough for diagnosing secondary water
availability. The steep decline in FAPAR in the beginning of dry season mostly reflects the dynamics of grass alike vegetation while
the mild decline in FAPAR in late dry season gives information about the condition of the drought resistant vegetation, which might
be related with deep or strong roots, internal water storage capacity, high water use efficiency etc. Enhanced spatial analysis of this
trend with ecohydrological covariates would definitely be useful for improving our understanding about ecohydrology of drylands.
Another point that can demystify the vegetation - non-trivial water interaction is the diurnal cycles of surface energy budget
parameters. Even though it’s dominated by shortwave radiation, the equation has many variables that can be used in diagnosis like
evapotranspiration, leaf temperature, changing heat capacity of soil due to moisture and albedo. Different analysis can be
conducted by focusing different parts of the diurnal cycles of the surface energy budget products. By merging all the knowledge
gained in dense time series of FAPAR and surface energy budgets thanks to geostationary satellite products and refining it with
ecological and hydrological concepts; our understanding for water limited vegetation systems can be enhanced substantially.

P2
The Importance and Current Limitations of Planetary Boundary Layer (PBL) Retrieval from Space for LandAtmosphere Interactions Studies
Joseph A. Santanello, NASA GSFC, Greenbelt, MD; and A. J. Schaefer, V. Wulfmeyer, D. L. Wu, E. McGrath-Spangler, J. Lewis Jr., and D. N. Whiteman

There is an established need for improved PBL observations over land for hydrology, land-atmosphere (L-A), PBL, cloud/convection,
pollution/chemistry studies and associated model evaluation and development. Most notably, the connection of surface hydrology
(through soil moisture) and ecology to clouds and precipitation relies on proper quantification of water’s transport through the
coupled system, which is modulated strongly by PBL structure, growth, and feedback processes such as entrainment. In-situ
(ground-based or radiosonde) measurements will be spatially limited to small field campaigns for the foreseeable future, so
satellite data is a must in order to understand these processes globally. The scales of these applications require diurnal resolution
(e.g. 3-hourly) at <100m vertical and 1-10km spatial resolutions in order to assess processes driving land-PBL coupling and water
and energy cycles at their native scales. Unfortunately, today’s satellite sensors do not reach close to any of those targets in terms
of accuracy or resolution, and there is very little attention or planning (short or long-term) in place for improving lower
tropospheric sounding over land. Essentially, each of the variables consider by the ISWG at the surface are connected to the
atmosphere and weather and climate through the PBL, and any consideration of their coupled impacts need to simultaneously
consider the PBL interactions. As such, advancements in satellite retrieval of surface properties alone (without the PBL) will not
necessarily lead to improvements in coupled understanding. As a result of the lack of PBL-focused missions, PBL and L-A
interactions have been identified as ‘gaps’ in current programmatic focal areas and in the recent 2017 NRC Decadal Survey. In this
poster, the importance of PBL information (structure, evolution) for L-A coupling metrics and model development will be
summarized. The current array of PBL retrieval methods and products from space will be assessed in terms of meeting the needs of
coupled models, diagnostics, and scales, with a look forward as to how this can and must be improved through future mission and
sensor design. In addition, NASA and community plans in response to the Decadal Survey will be summarized.
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P3
Land surface model performances with high resolution earth observation data
David Stevens, Emanuel Dutra and Pedro Miranda – IDL-FCUL

The land surface is a key component of the earth system. It controls the exchanges of energy, water and carbon between the
biosphere and the atmosphere. Due to the turbulent nature, spatial heterogeneity and temporal variability of these exchanges,
large uncertainties arise from the current representation of these fluxes in the land surface components of earth system models.
Modeling efforts and observation-based studies have advanced our understanding of the earth system and the role of the land
surface. Earth observations and the developments in retrieval algorithms brought high spatial and temporal resolution observations
of key land-surface characteristics (e.g. leaf area index, fraction of vegetation cover, albedo). However, while observations provide
the fundamental basis for our understanding of the different processes and feedbacks, these need to be complemented by
modeling studies to allow the development of weather forecasts, climate change projections and hypothesis testing. The quality
improvements of Earth Observations (EO) has enhanced our understanding of land surface dynamics. Higher resolution satellite
products can help to close the gap between in-situ point observations and the grid-cell size of the models, as well as to provide
unique spatial sampling. In this study, we evaluate the performance of the ECMWF land surface model comparing two
formulations for evaporation: with (CTESSEL) and without considering plants photosynthesis (CHTESSEL). The model simulations are
compared with in-situ tower observations (FLUXNET2015) and the role of high resolution EO is investigated, particularly leaf area
index and surface albedo. Additionally, an uncertainty analysis was carried out to identify key model parameters which are not
observationally constrained. Preliminary results suggest that considering plant photosynthesis has an added value in the
representation of the surface turbulent fluxes as well as the use of high resolution EO data.

P4
Impact of snow data assimilation on river discharge
Emanuel Dutra (1), Souhail Boussetta(2), Gabriele Arduini (2), Gianpaolo Balsamo (2) and Patricia de Rosnay (2)
(1) IDL-FCUL (2) ECMWF

Cold process associated with seasonal snow cover are a key components of the earth system due to its unique characteristics and
large coverage of the Earth’s surface. The radiative (albedo), thermal (insulation) and mechanic (roughness) characteristics of a
snow covered surface differ greatly from those of a snow-free surface. Snow acts as a fast climate switch with implications ranging
from weather forecasts to climate change projections. Snow data assimilation in numerical weather prediction has been mainly
driven by the dramatic impact of snow presence on near-surface temperature. Two main observations are commonly used to
assimilate snow status: satellite snow cover and in-situ snow depth. In this study we assess the impact of sequential data
assimilation of in-situ snow depth in the ECMWF land-surface model using optimal interpolation analysis. Each day the model
background is used as first guess and merged with in-situ observations of snow depth via optimal interpolation creating analysis.
These analysis are then used directly to initialize the next day simulation. Two simulations with and without data assimilation were
carried out globally for the period 2000-2014 and are assessed in terms of snow depth, cover as well as it’s impact on simulated
river discharge. The results show the clear added value of assimilating snow depth information for the evolution of the snowpack
simulations. The no data assimilation simulation suffers from a general late melting which is corrected by the assimilation system.
However, due to the direct insertion of the assimilated fields the removed water vanishes from the system leading to a
deterioration of the river discharge simulations in several northern basins. These results prove the clear added value of the data
assimilation system in terms of snow depth and cover, but suggest that other methodologies to update the model state should be
investigated in order to correct the model biases and trigger melting so that water and energy can be conserved and the
assimilation benefits propagated into other components of the land surface.

P5
The Snow/Sea-ice detection based Dynamic Wavelength Warping method using Himawari-8/AHI data
Donghyun Jin, Kyeong-sang Lee, kyung-soo Ha
Division of Earth Environmental System Science (Major of Spatial Information Engineering), Pukyong National University

The snow cover and sea-ice are the largest single component of the cryosphere and distributed in more than 40 % of the northern
hemisphere land area in winter. They have a higher reflectance than other surface elements and play a major role in regulating
global surface temperature, such as heat exchange between earth’s surface and the atmosphere, or an important role in
maintaining global energy balance in global or regional terms. The snow cover detection using satellite data has used mainly static
threshold for snow detection and sea-ice detection using satellites is mainly done by using satellite channel reflectance and Ice
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Surface Temperature (IST) technique. But it didn’t consider snow and sea-ice variability depending on snow/sea-ice grain size,
roughness, and so on. Because of this, previous studies have potential for snow/sea-ice detection errors. In this study, snow cover
and snow covered ice detection were performed using Himawari-8/AHI data, geostationary satellite, based on the Dynamic
Wavelength Warping (DWW) technique, which is a method of recognizing the change of reflectance according to wavelength. Bare
ice detection was performed based on IST zero which is a simple and efficient dynamic thresholding technique with no IST
computation. In addition, the daily snow/sea-ice is retrieved in addition to the Scene. The daily snow/sea-ice is retrieved using the
scene snow/sea-ice data and we evaluated daily snow/sea-ice data. The accuracy of daily snow/sea-ice was 92.61 % for POD and
7.97 % for FAR with GMASI data.

P6
Evaluation of drought impact under different agricultureal managements in South and North Korea using satellite
remote sensing
Jae-Hyun Ryu (1), Chu-Yong Chung (2), Sungwook Hong (3), No-Wook Park (4), Yang-Won Lee (5), and Jaeil Cho (1)
(1) Department of Applied Plant Science, Chonnam National University, (2) Satellite Development Division, National Meteorological Satellite Center,
(3) Department of Environment, Energy, and Geoinfomatics, Sejong University, (4) Department of Geoinformatic Engineering, Inha University, (5)
Department of Spatial Information Engineering, Pukyong National University

Drought, as a negative effect of climate change, is a critical factor in agricultural productivity. A large number of drought indices
have been developed to monitor and understand drought intensity and damage. However, the drought impact on crop growth and
yield should be evaluated by the relationship between both crop water demands and the amount of available water. Therefore, the
drought index has to reflect not only meteorological conditions but also vegetation and land conditions. The Vegetation Health
Index (VHI), developed by NOAA as satellite-based drought index, can met those requirements because it is combined by the VCI
(Vegetation Condition Index) with vegetation index and the TCI (Temperature Condition Index) with the thermal condition of land
surface. In this study, the VHI was calculated by MODIS NDVI (Normalized Difference Vegetation Index) and MODIS LST (Land
Surface Temperature). The MODIS data was suitable to calculate VHI due to its relatively long-term record for the minimum and
maximum values of NDVI and LST. NDVImax, NDVImin, LSTmax, and LSTmin were estimated from the qualified MODIS data during
2003 to 2017 with the QC filtering of cloud and snow. In this study, using VHI and other drought indicies, we investigated the
agricultural sensitivity to drought, particularly in responses of two different agricultural management regions to 2014 to 2015
drought event. Both regions, Cheorwon County in South Korea and Pyonggang County in North Korea, had similar major crop type
(e.g., Paddy rice) and meteorological condition at the similar latitude and longitude, but the agricultural managements were
significantly different in two areas, particularly for irrigation facility. Even though two study regions had similar meteorological
drought conditions represented by SPI (Standardized Precipitation Index), the VHI patterns to drought events was largely different.
Given that the crop land is essentially affected by human activities, such different sensitivity of VHI to similar drought intensity
could be acceptable. Therefore, according to those our results, the vegetation response and agricultural adaptation to drought
have to be considered in the drought evaluation and management.

P7
Estimation of Land Surface Albedo from Himawari-8/AHI data
Kyeong-sang Lee (1), Sungwon Choi (1), Minji Seo (1), Donghyun Jin (1), Jean-Louis Roujean (2), Kyung-Soo Han (1)
(1) Division of Earth Environmental System Science; Pukyong National University, (2) Centre d'Etudes Spatiales de la BIOsphère

Land surface albedo is defined as the ration between solar radiation reflected by Earth's land surface and solar radiation incident at
the surface. It determines the amount of solar energy absorbed on the land surface of the earth and controls the heat transfer
between the atmosphere and surface. Since climate and land surface albedo interact with each other, observing land surface
albedo is important for observing climate change. The purpose of the study was to estimate land surface albedo in Asia and
Oceania using 5 channel data of Himawari-8/Advanced Himawari Imager (AHI) including visible and near infrared region. AHI
observes the Earth’s land surface with 10-minute repeat cycle, making it suitable for estimating land surface albedo in Asia and
Oceania continuously. In this study, the land surface albedo was estimated through three steps of atmospheric correction, Bidirectional Reflectance Distribution Function (BRDF) modeling, and Narrow-to-broadband (N2B) conversion, which are generally
required to retrieve the satellite-based land surface albedo. Atmospheric correction was performed using a Second Simulation of
the Satellite Signal in the Solar Spectrum (6S) based Look Up Table (LUT). The Roujean model was used in BRDF modeling and
minimizes the errors in BRDF modeling through iterative optimization process using normalized reflectance. Finally, the 5 spectral
albedo of Himwari-8/AHI was converted into the broadband albedo with shortwave length (approximately from 0.3 to 4.0 μm). The
N2B conversion coefficients was determined by statistical techniques with Moderate Resolution Imaging Spectroradiometer
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(MODIS) land surface product as reference data. The estimated land surface albedo showed relative low error value of RMSE 0.028,
0.029 , bias -0.002, -0.0003 in black and white sky compared to MODIS land surface albedo product, and shows error of less than
0.05 for various land types.

P8
Development of Sea Surface Temperature Retrieval Algorithm for Geo-KOMPSAT-2A/Advanced Meteorological
Imager
Kyung-Ae Park, Hye-Jin Woo, Sung-Rae Chung, Seon-Kyun Baek, and Byung-Il Lee
NMSC/KMA

As the second geostationary satellite of Korea, following on the Communication, Ocean and Meteorological Satellite (COMS), GeoKOMPSAT-2A (Geostationary Korea Multi-Purpose Satellite-2A, GK-2A) is launched to be positioned at 128.2oE over the earth
equator in October 2018. Advanced Meteorological Imager (AMI) on the GK-2A will have sixteen channels similar to ABI of GOES-16
and AHI of Himawari-8/9. The spatial resolution of infrared channel observation for the estimation of sea surface temperature (SST)
is about 2 km and temporal interval is about 10 minute in the full-disk region for real-time operational purposes. In this study, we
introduce current status of operational GK-2A/AMI SST algorithm development performed by SNU team and Korea Meteorological
Administration (KMA) during the past few years. Both hybrid algorithm using RTM results and multi-band algorithm have been
applied for SST retrieval using 8.6, 10.4, 11.2, and 12.3 μm channel data of Himawari-8/AHI as proxy data. In order to reduce SST
errors, related to failure in the removal procedure of cloud or cloud-contaminated pixels, a series of quality control processes are
developed using real-time RTM data and SST climatology data. Quality-controlled SST data are incorporated to produce a daily SST,
5-day and 10-day SST composites. In addition, daily blended SST composite image is produced using all available SST data from
multi satellites such as Himawari-8, NOAA-18/19, AMSR2, and GMI as well as all in-situ measurements from surface drifters and
moored buoys around Korean peninsula.

P9
Development of Sea Surface Currents Retrieval Algorithm for Geo-KOMPSAT-2A/Advanced Meteorological Imager
Kyung-Ae Park, Hee-Young Kim, Sung-Rae Chung, Seon-Kyun Baek, Chu-Yong Chung and Byung-Il Lee
NMSC/KMA

Producing accurate and regular information regarding sea surface currents (SSC) is crucial for understanding the global oceanic
environment. In recent decades, studies have long been conducted to retrieve information on SSC using satellite data such as sea
surface height anomalies observed by satellite radar altimeters, the sequential sea surface temperature (SST) images and ocean
colour data. Surface currents based on sequential sea surface temperature (SST) images of near-polar orbiting satellites have
disadvantages arising from the small number of data samplings due to frequent cloud cover or other atmospheric and oceanic
conditions over relatively long time intervals. Such sparse samplings can be overcome, in part, by high-resolution and frequently
observed geostationary satellite SST images. AMI, as a mission-critical payload of Geo-KOMPSAT-2A (Geostationary - Korea MultiPurpose Satellite-2A, GK-2A) scheduled for launch in 2018, will offer more spectral bands (to enable new and improved products),
higher spatial resolution (for better monitoring of small-scale features), and faster imaging (to improve temporal sampling and to
scan additional regions) than the MI of COMS, Korea's first geostationary ocean-weather satellite. The spatial resolution of the AMI
data will be nominally 2 km for the infrared bands and 0.5-1 km for the visible bands. In this study, a complete description of the
operational GK-2A/AMI SSC algorithm development at the current level of maturity is introduced. The SSC products are retrieved
from subsequent Himawari-8 SST images, as a proxy for GK-2A SST, by applying the cloud detection and land/ocean mask data on
the satellite images. The estimated currents are subjected to a quality control process to remove the error included in the result.
The accuracy of the retrieved surface currents are assessed by comparing the qulity-controlled currents with the estimated
currents obtained from surface drifters in the full-disk region of Himawari-8. Analysis results reveal that the estimated current
speeds and directions show good agreement with the drifter-based calculated values, with root-mean-square (bias) errors of 0.23
m/s (0.05 m/s) and 10.06° (1.8°), respectively. The estimated current field illustrates a rotating feature around a mesoscale anticyclonic eddy, as well as the characteristic meandering pattern of the Kuroshio Current.
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P10
Four Potential Observations of Ocean Environment Changes Using GK-2A
Young-Heon Jo, NMSC/KMA

Monitoring ocean environmental changes is one of important research related air-sea interaction problems. In order to conduct airsea interaction problems, satellite observations are necessary to obtain information in the wide regions at a relatively short time.
GK-2A satellite is schedule to launch in 2018. Before launching it, many efforts have been made in order to utilize its observations
in advance. This presentation will discuss about four ocean environmental phenomena: ocean eddy, front, upwelling and icing using
not only Himawari satellite data (instead of GK-2A), altimeter, ocean color remote sensing measurements. First, the ocean eddy is
especially important because of the vertical mixing, which plays an important role in the biochemical marine environments because
the upper layer of seawater is supplied from the intermediate or deep layer in the ocean and transported nutrients that could
affect primary productivity there. Furthermore, the warm eddy contains large amount of heat that impacts on shor- and long-term
weather changes. Second, ocean front is considered to modulate atmospheric instability so that its positions are important to
predict small scales of weather changes. Third, the upwelling is also important to understand the not only ocean mixing, but also
atmospheric stability due to the lifted cold water on sea surface by winds. Four, the icing is a seasonal event during winter but
more important to predict or monitor the icing in advance. Thus, the first step to address these phenomena, we develop multiple
algorithms to determine the spatial boundary of them. For ocean eddy, front, upwelling and icing, we used particle tracking
method, Sobel filtering, and upwelling age and Bowen ratio, respectively.

P11
Regional Land Fluxes TCDR within the EUMETSAT Climate Monitoring SAF: Surface Radiation Budget
Anke Duguay-Tetzlaff (1), Quentin Bourgeois (1), Reto Stöckli (1), Viju John (2), Alessio Lattanzio (2), Jörg Schulz (2), Rainer Hollmann (3), Jörg
Trentmann (3), Nicolas Clerbaux (4), Françoise Gellens-Meulenberghs (4), Nicolas Ghilain (4), Manon Urbain (4), Isabel Trigo (5)
(1) MeteoSwiss, (2) EUMETSAT, (3) German Weather Service (Deutscher Wetterdienst - DWD), (4) Royal Meteorological Institute of Belgium (RMIB),
(5) Instituto Português do Mar e da Atmosfera (IPMA)

During the Third Continuous Development and Operations Phase (CDOP-3) of EUMETSAT, the Satellite Application Facility (SAF) on
Climate Monitoring (CM SAF) will extend its product portfolio with a Thematic Climate Data Record (TCDR) of Regional Land Fluxes
1983 to 2020 based on two sensors of the Meteosat suite of geostationary satellites: the Meteosat Visible and InfraRed Imager
(MVIRI) and the Spinning Enhanced Visible and InfraRed Imager (SEVIRI). The Regional Land Fluxes TCDR will provide various
parameters depicting the surface states and radiation fluxes, including the Surface Radiation Balance (SRB), the Cloud Fractional
Cover (CFC), the Land Surface Temperature (LST), the Evapotranspiration (ET) and the Latent (LE) and Sensible (H) Heat Fluxes. The
TCDR will be achieved by consolidating and unifying previously separated developments in CM SAF, LSA SAF and the EUMETSAT
Secretariat, and running them in a joint retrieval using the Meteosat Fundamental Climate Data Record. This unique concept
ensures consistency among the TCDR parameters. We focus here on the SRB parameters of the Regional Land Flux TCDR. All
components of the SRB - including the Surface Incoming Solar radiation (SIS), the Surface Albedo (SAL), the Surface Outgoing
Longwave radiation (SOL) and the Surface Downward Longwave radiation (SDL) - are jointly retrieved using the CM SAF software
“GeoSatClim” over the period 1983-2020: Cloud cover and clear sky LST are already part of the GeoSatClim processing package.
Clear sky LST is extended to all sky LST to calculate SOL by coupling the SRB retrieval (MeteoSwiss) with the LE/H retrieval (RMIB).
SDL is constrained with the GeoSatClim cloud cover using the LSA SAF SDL algorithm (IPMA) to ensure the highest possible
consistency with other SRB components. SAL is retrieved using the algorithm by the EUMETSAT Secretariat. SIS is retrieved by
extending the CM SAF gnu-MAGIC algorithm (DWD) with an IR-based cloud index over bright surface targets. We present the
detailed concept for the joint SRB retrieval together with the very first validations for single parameters, in particular, the SIS (or
solar irradiance) product.

P12
Daily Evapotranspiration at sub-kilometer spatial resolution by combining surface energy balance modelling and
statistical downscaling
José Miguel Barrios, Nicolas Ghilain, Alirio Arboleda and Françoise Gellens-Meulenberghs
Royal Meteorological Institute of Belgium (RMIB)

Evapotranspiration (ET) is the flux of water from the Earth’s surface into the atmosphere. This water flux results from water
evaporation and plant respiration and its estimation is required for a number of applications as it provides valuable information on
the water cycle and the Earth’s surface energy balance. The Royal Meteorological Institute of Belgium (RMI) has developed -in the
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framework of the EUMETSAT’s LSA-SAF initiative- an operational service for estimating ET in near-real time (http://lsasaf.eumetsat.int/). This product adopts the spatial resolution and extent of the observations by the SEVIRI sensor onboard the
Meteosat Second Generation (MSG) satellite. The high temporal resolution of the LSA-SAF ET product is a big asset as it captures
diurnal ET patterns. The spatial resolution, however, can still be too coarse for a certain number of applications over nonhomogeneous areas. This study consisted in evaluating the Proba-V-derived products in their native spatial resolution as a
mechanism to enhance the spatial detail of ET estimates. This study was conducted over the upper Biebrza catchment in Poland
and other wetland sites in Gemany and Belgium with diverse land cover types: forests, crops, pasture, etc. The target spatial
resolutions were those of Proba-V grids: ~1 km and ~300 m and the target product was daily ET. The algorithm consisted in, first,
running an energy balance model (close to the algorithm driving the LSA-SAF ET product) at ~1 km spatial resolution. The model
was forced by meteorological variables taken from ECMWF forecasts, downwelling radiation terms taken from LSA-SAF radiation
products, a number of land cover-related parameters and seasonal vegetation patterns derived from Proba-V LAI. In a second
phase, the daily results were further downscaled to the ~0.3 km Proba-V grid by training and implementing a Random Forest
model.
The daily ET estimates were compared with validation ET data derived from flux tower measurements. The time series of
modelled ET at both resolutions exhibited a high degree of agreement when compared to the validation data series. The display of
modelled ET in maps also showed great correspondence with the landscape arrangement and satellite-based land surface
temperature (MODIS, Landsat) imagery.

P13
An improved version of the LSA-SAF evapotranspiration and new surface heat fluxes products
Alirio Arboleda, Nicolas Ghilain, José Miguel Barrios and Françoise Gellens-Meulenberghs
Royal Meteorological Institute of Belgium (RMIB)

In operations since 2009, the LSA-SAF evapotranspiration (ET) algorithm has generated thousands of instantaneous and daily
evapotranspiration images covering Europe, Africa and part of South America. At the same time, the algorithm has consolidated his
position as one of the few to produce ET estimates in near real time at continental scale. The accuracy of the estimation over
Europe and part of Africa has been demonstrated thanks to provided validation reports and scientific papers produced by the
different users of the products. Nevertheless, some accuracy issues remained open in not well documented areas composed mainly
of arid and semi-arid ecosystems. To better understand the reasons of these discrepancies, research including the use of more
satellite derived information was conducted and it was found that a better description of forcing data (vegetation characteristics
and soil moisture representation) might improve ET estimation in poorly documented areas. Based on these findings, a new
algorithm that includes more LSA-SAF satellite derived products was developed. The new algorithm emphasizes on a more real
representation of the impact of soil moisture and vegetation parameters on energy and water vapour fluxes. The comparison of the
new evapotranspiration products with reference observation datasets shows an enhanced accuracy over the currently operational
version, particularly in semi-arid areas. In addition to evapotranspiration products, the surface heat fluxes are generated every halfhour, and provide the closure of the energy budget at the surface. A surface temperature is generated at the same time and is
meant to be used in conjunction with the clear-sky land surface temperature from MSG to produce an all-weather land surface
temperature product over land. In this contribution we present the new evapotranspiration and surface fluxes products generated
with this new version of the ET algorithm and we will be happy to discuss with users and potential users of the product to explain
the main differences between the operational version of the algorithm and the new one. One or two examples of possible
application will be presented to invite users and researchers to explore the possibilities offered by LSA-SAF evapotranspiration and
surface heat fluxes products.

P14
Evolution of the LSA-SAF surface albedo products derived from METOP/AVHRR and MSG/SEVIRI
LELLOUCH, Gabriel (1), CARRER, Dominique (1), MOPARTHY, Suman (1), VINCENT, Chloé (1), PINAULT, Florian (1), CEAMANOS, Xavier (1), COELHO,
Sandra (2) and TRIGO, Isabel (2)
(1) Météo France, CNRM-GAME, UMR3589, (2) Instituto Português do Mar e da Atmosfera (IPMA)

The LSA-SAF space programme, managed by EUMETSAT, produces daily and ten-daily surface albedo products from different
sensors since more than a decade. On the one hand, the AVHRR sensors on-board the METOP-A and METOP-B satellites from the
European Polar Satellites (EPS) have been used to produce global surface albedo maps. On the other hand, the SEVIRI cameras on
board the geostationary Meteosat Second Generation (MSG) satellites have supported the production of surface albedo
information over an extended disk centered over northern Africa. Past evaluations of these MSG surface albedos, available since
2004, have led to propose a reprocessing of the products with the latest algorithm improvements. We present here the evaluation
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of these MSG reanalysed surface albedos and of the EPS surface albedo products against ground measurements, SPOT-VGT and/or
MODIS albedo products. We show that these LSA-SAF surface albedo products, and more specifically the black-sky albedo (BSA)
and white-sky albedo (WSA) over the total shortwave spectral domain [0.3-4µm], are very close to other satellite-derived albedo
products and to ground measurements, and usually meet the quality requirements fixed by the GCOS community.

P15
Recent advances in the retrieval of solar surface irradiance from EUM satellite data in the LSA-SAF project
CEAMANOS, Xavier, CARRER, Dominique, MOPARTHY, Suman, VINCENT, Chloé, LELLOUCH, Gabriel
Météo France, CNRM-GAME, UMR3589

The quantity of solar irradiance reaching the surface of the Earth is a key parameter to understand the radiative processes
happening at the interface between the surface and the atmosphere. The estimation of this radiative quantity, hereby referred to
as DSSF (downwelling surface shortwave flux), at a continental scale and for long time series is therefore carried out by satellite to
satisfy the needs of the scientific communities working on climate and weather forecast, but also solar energy. The operational
dissemination of DSSF products is done by the Satellite Application Facility on Land Surface Analysis (LSA-SAF) from EUMETSAT
since 2005. The estimation of DSSF is performed using observations from the Meteosat Second Generation (MSG) geostationary
satellite and atmospheric analyses from the European Center for Medium-range Weather Forecasts (ECMWF). Due to the strong
dependence of DSSF on atmospheric conditions, the process of its retrieval is carried out using two separate approaches that are
adapted either to a clear sky situation or a cloudy sky situation. Recent advances in the estimation of DSSF in the LSA-SAF project
include the retrieval of the direct and diffuse components that constitute the global solar irradiance reaching the surface. In a clear
sky situation, this is achieved thanks to an accurate modeling of the scattering and absorption of solar irradiance due to the aerosol
particles in the atmosphere. Information on the time-evolving properties of aerosol is obtained from the Copernicus Atmosphere
Monitoring Service (CAMS). In the presence of a cloudy sky, the splitting of global DSSF into direct and diffuse fluxes is done using a
clearness index that decays with cloudiness. The dissemination of global and diffuse DSSF in the LSA-SAF project is foreseen for
late 2018 and the validation phase based on irradiance measurements taken by ground stations has already started. A summary of
the retrieval algorithm, the recent improvements on the retrieval of direct and diffuse fluxes and the corresponding validation
results are presented here.

P16
Operational LSA SAF 10-day SEVIRI/MSG GPP product (MGPP): overall performance and inter-comparison with
similar products
Martínez, B., Sánchez-Ruiz, S., Campos-Taberner, M., García-Haro, F. J., Gilabert, M.A.

The main goal is to provide a description of the new 10-day LSA SAF gross primary production (GPP) product derived from
SEVIRI/MSG data (MGPP LSA-411). The methodology to derive the 10-day MGPP product is based on Monteith's concept
(Monteith, 1972), which models GPP as the product of the incoming photosynthetically active radiation (PAR) (MJ m-2 day-1), the
fractional absorption of that flux (fAPAR) (dimensionless) and a factor related to the light-use efficiency that takes into account the
unit conversion from energy to mass (ε) (g MJ-1). The algorithm first computes MDGPP using the daily down-welling surface
shortwave radiation flux (DIDSSF) (LSA‐201), the daily fAPAR (MDFAPAR) (LSA‐407), the actual evapotranspiration (AET) (DMET,
LSA-302) and the reference evapotranspiration (ET0) (DMETREF, LSA-303) LSA SAF products (Gilabert et al., 2015; Martínez et al.,
2018). The MDGPP product includes a parameterization of e as a function of a maximum value (emax), which is downregulated by
an estimator that accounts for the reduction in efficiency due to water stress (Cws). Then, the 10-day GPP product is generated
based on the mean value of daily GPP products over a compositing period of 10 days. The overall MGPP performance is assessed by
following the best practices of the validation protocol of moderate and coarse satellite products proposed by the LPV (Land Product
Validation) group for validation of remote sensing (RS) products (Fernandes et al., 2014). This includes: (i) the comparison between
MGPP and in-situ Eddy Covariance (EC) tower GPP estimations (direct validation), which provided further estimates of the attached
precision and (ii) consistency checking against other synergistic global carbon RS products (indirect validation) such as MODIS GPP
(MOD17A2) and FLUXCOM products, which aids in the comprehensively assessment of the temporal and spatial consistency across
the major biome types in the MSG-Disk. The results allow concluding that the MGPP product has reached a validation stage level 2
according to CEOS LPV criteria. A 64% of all the in-situ EC GPP towers were in agreement with the target user required accuracy and
93% of the pixels over all the MSG-Disk were in agreement with the optimal requirements. The MGPP product has shown a high
confidence as compared to other RS GPP products. Particularly, the evaluation against in-situ EC GPP estimates indicated that the
MGPP uncertainties are similar to those shown by MODIS, being the MAE slightly lower for MGPP when considering all the in-situ
data (MAE=1.76 g m−2 day−1). At regional level, the major GPP disagreement arose over broadleaf forest (MAE =1.71 g m-2 day-1
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and MAE=1.79 g m-2 day-1 for EBF and DBF, respectively) whereas a higher agreement is shown over cultivated areas, herbaceous
and shrublands. Further validation activities should be focused on additional comparison with ground truth and intercomparison
over more recent products.

P17
All weather LST product comparison
João Paulo Martins, IPMA

Land Surface Temperature (LST) based on clear-sky SEVIRI radiances has been distributed operationally by LSA SAF since 2004. The
service has been extended to other surface radiative budget quantities, vegetation and fire properties and evapotranspiration (ET).
An all-weather LST product was recently developed which has two components: the clear sky part, which is the infrared standard
LST estimate using the generalized split-windows method; and the cloudy part, which is derived as a byproduct of the ET scheme.
The latter solves the surface energy balance equation using a variety of inputs, namely other remote sensing products such as
radiative fluxes, vegetation state and soil moisture. The product is validated against 3 in situ stations located over the SEVIRI disk,
and compared to an alternative all-weather LST product, derived using microwave radiances measured by AMSR-E, The comparison
showed general good agreement except in regions where there are known difficulties for the AMSR-E retrieval, such as areas with
snow/ice, arid and semi-arid areas with large microwave penetration into the ground, inundated and coastal areas, and scenes with
deep convection. The uncertainty of the product is assessed using both an analytical treatment and Monte Carlo techniques: results
indicate that the clear-sky component is sensitive to the total optical path (viewing angle and total column water vapor); and the
cloudy component is sensitive to uncertainties in radiative fluxes and soil moisture.

P18
Climate change and Urban Heat Islands
Freya Aldred, MetOffice

Anthropogenic climate change is leading to more frequent and extreme weather events such as heat waves. This can be further
exacerbated by the Urban Heat Island (UHI) effect, and with rapid urbanization found in countries like China, an increasing
proportion of the population may be exposed to extreme heat-stress events without access to the resources they need. There are
two routes to action this problem: heat response plans which target vulnerable populations with local aid in the community; and
environmental design strategies which direct long term urban construction to reduce heat absorption and retention. Both of these
strategies require an understanding of the distribution of persistent ‘hot spots’ within urbanised areas.
The use of satellite
retrieved Land Surface Temperature (LST) to analyse the UHI effect is investigated, including methods to determine the areas most
affected by extreme heat, and the impact it has on human health. This is put into the context of potential climate services, and how
they could benefit residents in large and developing cities, with a focus on four case study cities in China. LST is used from NASA's
MODIS instruments on board the Aqua satellite, due to its twice daily, 1km resolution, along with ESA's CCI Land Cover product, for
years 2003 - 2014. Methods to analyse the data spatially and temporally are investigated; however initial results indicate temporal
analysis is challenging due to cloud cover. Spatial analysis shows that LST correlates well with land use as expected, and that there
is a condensed hot spot in the centre of the cities at night.

P19
Development of GK-2A land surface temperature retrieval algorithm using Himawari-8/AHI
Youn-Young Choi, Kongju National University

We are developing a land surface temperature (LST) retrieval algorithm for GK-2A/AMI data based on the time of day and water
vapor content using the Himawari-8/AHI (Advanced Himawari Imager) data, which is the Japanese next generation geostationary
satellite. To develop the LST retrieval algorithms, we simulated the spectral radiance using the radiative transfer model
(MODTRAN4) by applying the atmospheric profiles (SeeBor), diurnal variation of LST and air temperature, spectral emissivity of land
surface, satellite viewing angle, and spectral response function of Himawari-8/AHI. The Himawari-8 LST algorithms showed high
correlation coefficient (0.996), small bias (0.002 K) and root mean square error (RMSE) (1.083 K) between prescribed LSTs and
estimated LSTs. However, the accuracy of LST algorithms showed a slightly large RMSE when the lapse rate is larger than 10 K, the
brightness temperature difference is greater than 6 K, and satellite viewing angle is greater than 45°. To analyze the LST algorithm
quantitatively, we retrieved the LST for one year, from September 2015 to August 2016, and compared the result with ground
observation data and satellite LST data. The validation results with ground observation LST data of Tateno station from Baseline
Surface Radiation Network showed 0.958 of correlation coefficient, -0.378 K of bias, and 2.093 K of RMSE. Also, the cross validation
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of Himawari-8 LST using MODIS LST collection 6 showed that annual mean correlation coefficient, bias, and RMSE are 0.94, +0.45 K,
and 1.93 K, respectively. In this presentation, we will show the detailed validation results of LST.

P20
A new global infrared emissivity dataset: Combined ASTER MODIS Emissivity of Land (CAMEL)
Robert Knuteson, University of Wisconsin-Madison

The University of Wisconsin-Madison has teamed with the NASA Jet Propulsion Laboratory on a new global infrared emissivity
dataset named the Combined ASTER MODIS Emissivity of Land (CAMEL). This presentation will introduce the CAMEL dataset and
the improvements relative to the UWIREMIS dataset commonly used in NWP data assimilation and other satellite remote sensing
applications. A climatology of monthly, emissivity at high spectral resolution has been developed using 16 years of observations at a
spatial resolution of 0.05 degrees. Preliminary assessment using RTTOV and METOP IASI observations will be presented. Discussion
of observational covariance requirements for data assimilation is welcomed.

P21
An assessment of the contribution of moisture (VCI) and temperature (TCI) condition to vegetation health index
(VHI)
Virgílio A. Bento (1), Isabel F. Trigo (1,2), Célia Gouveia (1,2) and Carlos da Câmara (1)
(1) Instituto Dom Luiz, IDL-FCUL (2) Instituto Português do Mar e da Atmosfera (IPMA)

Vegetation Health Index (VHI) is an index widely used for drought monitoring, which depends on the moisture and temperature
conditions of a given pixel. The first is the Vegetation Condition Index (VCI) that usually relies on the Normalised Differences
Vegetation Index (NDVI). The latter is the Thermal Condition Index (TCI), which is typically estimated with the thermal infrared
derived Land Surface Temperature (LST) or brightness temperature. VHI is estimated as the weighted sum of these two
components. However, the share of VCI and TCI contributions (here denoted as α) is usually not known and VHI is estimated by
assuming equal weights to both components. Here, it is shown that by using the multi-scalar drought index SPEI as a proxy to VHI it
is possible to develop a methodology to estimate the VCI and TCI contributions over a Mediterranean region (Bento et al., 2018).
Furthermore, a similar methodology is used to estimated contributions with CM-SAF clear-sky (Duguay-Tetzlaff et al., 2015) and
Princeton University (PU) all-sky merged (HIRS and NCEP; Siemann et al., 2016) LSTs, which are then compared to assess the
possibility of using MSG/MTG to monitor drought over regions where increased drought intensity and severity are expected
(southern Europe, Sahel, northeast Brazil, north Africa).

P22
Major advance in geostationary fire radiative power (FRP) retrieval over Asia and Australia stemming from use of
Himawari-8 AHIm
Weidong Xu, King’s College London

Characterising the highly variable temporal dynamics of landscape-scale fire activity is best achieved using geostationary satellites,
and the Himawari-8 Advanced Himawari Imager (AHI) now provides views of Asian and Australian fires at an unprecedented 10 min
temporal resolution and 2 km nadir thermal channel spatial resolution. We here develop the first processing system to identify
active fires and retrieve their fire radiative power (FRP) from AHI data, based on the geostationary Fire Thermal Anomaly (FTA)
algorithm and FRP retrieval method originally developed for use with Meteosat SEVIRI over Africa and Europe. This scheme detects
active fires covering as little as 10− 3 to 10− 4 of an AHI pixel, and we compare performance to the same scheme applied to data
from the forerunner geostationary MTSAT imager and the FengYun-2 (FY-2) Stretched Visible and Infrared Spin Scan Radiometer (SVISSR), and also to 1 km (at nadir) polar-orbiting MODIS active fire data. We find major benefits of Himawari-8 AHI over both
MTSAT and FY-2, being able to detect a substantially greater proportion of fire activity and with little impact from sensor
saturation. AHI-derived FRP retrievals of detected fires show a very strong agreement and a low (3 MW) bias with respect to nearsimultaneous MODIS retrievals, though fires having FRP ≤ 40 MW are undercounted by AHI due to its 4 × larger pixel area (at nadir)
than MODIS. Large parts of Asia are characterised by smaller/lower FRP fires associated with e.g. agricultural residue burning,
meaning many are at or below this AHI minimum FRP detection limit, and during June 2015 AHI fails to detect around 66% of the
hotspots that MODIS detects when both sensors view the same area simultaneously. However, AHI provides 144 observation
opportunities per day compared to 4 typical observations from MODIS, and shows a low (8%) active fire detection error of
commission. We demonstrate the unique value of the geostationary FRP retrievals made from AHI data for full fire diurnal cycle
assessment and for Fire Radiative Energy (FRE) calculations. We conclude that these FRP data demonstrate major benefits for
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studies of active fires over Asia and Australia, and expect them to become an important component of the global geostationary
active fire observation system.

P23
Joint use of Meteorological Modeling and LSA SAF products for diagnoses and forecast of vegetation state and fire
danger over South-eastern Europe
Julia Stoyanova, Plamen Neytchev, Christo Georgiev, Andrey Kulishev
National Institute of Meteorology and Hydrology, Bulgarian Academy of Sciences

Wildfires are complex phenomena that depend on a multitude of factors. Vegetation will only ignite if their moisture content is
sufficiently low and fuel moisture is governed by meteorological drivers (Westerling et al 2006, Macias Fauria et al 2011). The
availability of burnable biomass is a precondition for wildfire activity. Wild/forest fire management therefore depends not only on
knowledge of the meteorological conditions, but also on a robust quantification of changes in amount of burnable biomass. The
aim of this study is to improve the capacity fire risk assessment by accounting the vegetation state as a complementary to the
broadly used fire weather indexes information. For that purpose, the quality of the new Fire Danger, FD product (updated version
of LSA SAF FRM product) to diagnose and forecast fire danger and probability of fire occurrence over the region of southeastern
Europe is evaluated. The test region over SEE is territory of Bulgaria; the test period is June-August of 2016 and 2017. The work is
based on comparative analyses with: - Operationally available LSA SAF FRM product and the FWI (CFFWS); - Regionally developed
fire danger indexes: accounting for land surface state and associated dry anomalies based on a meteorological model output for
soil moisture/soil moisture deficit, di05/di20 cm; assessment of corresponding fuel dryness as a measure of biomass flammability
by Soil Moisture Deficit Index of Fire Danger, SMDIFD; A Composite Fire Danger Index, combining FRM/FD products and land
surface state/flammability according SMDIFD in a 5-level scale; - Actual forest/wild fire occurrence (number, affected area)
according national database (used as reference); - Released energy from biomass burning according LSA SAF FRP product (used as
reference). Comparative analyses are based on using smoothed averaged courses of corresponding indexes versus the reference
fire parameters. Correlation analyses among all indexes and fire occurrence/characteristics has been performed. To quantify the
usefulness of the forecasts, contingency tables are elaborated to indicate different levels of fire danger probabilities in terms of
‘Yes/No’ of fire occurrence. Overlaid graphical analyses of the seasonal (Jun-Aug) dynamics of Indexes curves towards actual fire
characteristics have been developed to demonstrate the sensitivity of risk rating towards actual fire situations. Work is
undertaken to specify fire danger classes for SEE, following the approach proposed by Miguel et al (2018).

P24
ITC experiences with LSASAF data steam uses in the African education and research context: lessons learned and
new opportunities
Chris Mannaerts, ITC, Universityi of Twente

The poster will highlight ITC experiences with use of LSASAF data streams in capacity development actions in earth observation,
research with African partners, as well as data use in operational water and food security monitoring projects. Also open source
software solutions for acquisition, management and processing of data (e.g. from GEONETCast) developed, and new current
developments and solutions for EO data processing and analysis will be shown.

P25
An Iberian tailor-made operational high-resolution hourly near-surface analysis using the ALADIN system
Maria Monteiro, João Rio and Lourdes Bugalho, IPMA

Atmospheric Surface Layer (SL) conditions over land have a strong impact on agricultural production and forest fire triggering and
propagation. Hence, its accurate diagnosis and forecasting is crucial for a National Weather Service (NWS). Nowadays, Numerical
Weather Prediction (NWP) systems, like ALADIN (Termonia et al., 2018), provide assimilation and forecast tools essential to
simulate the time evolution of SL conditions from sparse and different observation types. Since June 2017, IPMA keeps a surface
Data Assimilation (DA) cycling to initialize a local version of the model Applications of Research to Operations at Mesoscale
(AROME) and, more recently, its forecasts were used as background to produce standalone optimal interpolation hourly analysis of
near-surface fields. The evaluation of this tailor-made analysis scheme from the ALADIN system is on-going and the first results are
illustrated. It is shown that the NWP model forecasts are improved with the surface refreshing provided by the surface DA cycling.
Moreover, it is shown that the hourly analysed mapped fields are generally closer to observations than any other NWP product
locally available.
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