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Updated and extended global soil moisture dataset released
The CCI Soil Moisture team is pleased to announce the update of the most comprehensive 
global time series of satellite based soil moisture. 

ESA CCI SM v03.2 comprises the three well-known active, passive and combined satellite soil moisture datasets. In this latest release temporal 
coverage was extended to 2015, providing 37 years of global soil moisture information. Besides the extended temporal coverage it now also includes 
the new sensors SMOS and MetOp-B ASCAT. Further characteristics include improved weighted merging based on signal-to-noise-ratio estimates 
and improved temporal sampling for most periods. The new release also provides improved estimates of random errors and enhanced metadata 
descriptions. Random errors are better described as well as metadata.

Download ESA CCI SM v03.2 here: http://www.esa-soilmoisture-cci.org/dataregistration
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Figure 1: Average ESA CCI SM anomalies (in m3m-3) for 2016 (base period: 1991–2015). Data were masked as missing where retrievals are either 
not possible or of very low quality (dense forests, frozen soil, snow, ice, etc.). Modified from: Dorigo, W.A., Chung, D., Gruber, A., Hahn, S., Mistelbauer, 
T., Parinussa, R.M., Reimer, C., van der Schalie, R., de Jeu, R.A.M., & Wagner, W. (2017). Soil Moisture [in: “State of the Climate in 2016”]. Bulletin 
American Meteorological Society, in review.

http://www.esa-soilmoisture-cci.org/dataregistration
http://www.esa-soilmoisture-cci.org/dataregistration


In December the Indian Institute of Technology of Bombay 
traditionally organises one of the biggest technology and science 
festivals in the world, Techfest with more than 160.000 participants 
from all over the globe. This year the ESA CCI soil moisture team 
presented their work to the technical audience as one of the few 
non-Indian organisations. We were invited by the Dutch Consulate 
in Mumbai to showcase the satellite soil moisture climate data 
records. The water resources in India are under pressure due to 

the growing population and the ESA CCI soil moisture dataset 
can be extremely useful to get a better understanding  of  the 
dynamic behavior of the hydrological cycle in this country. During our 
workshop and lecture we showed the technical audience the power 
of remote sensing.  We did not leave the attendees of our lecture 
empty-handed as we showed them that every person in the world 
has access to the ESA CCI climate data records.

Presentation at the Techfest in Mumbai India 

Integration of SMOS
Strong efforts have been made to include soil moisture retrievals 
from the dedicated ESA SMOS mission into the new ESA CCI SM 
v03.2. Together with an external international team of experts 
from CESBIO and INRA and additional ESA funding several fusion 
methods have been investigated which resulted in a successful 
integration of SMOS. The inclusion of SMOS soil moisture within 

the ESA CCI  soil moisture has a positive impact on the quality of 
the climate product, especially over the moderate vegetated regions 
on our planet. In addition, this important step also open doors for 
the inclusion of other L-band soil moisture missions, like the NASA 
SMAP mission.

CCI Soil Moisture featured in BAMS State of the Climate in 2015 report
The ESA CCI Soil Moisture team is proud to announce that an 
overview of recent and historical  global ESA CCI soil moisture 
conditions were published in the State of the Climate in 2015 Report, 
the authoritative annual summary of the global climate published 
as a supplement to the Bulletin of the American Meteorological 
Society.

Page 31 and following of the report highlight the global soil 
moisture conditions in 2015 with respect to their historical context. 
The ESA CCI soil moisture data show a remarkable similarity with 
related terrestrial water cycle components such as terrestrial water 
storage, precipitation, the self-calibrating PDSI and terrestrial 
evaporation.

ESA CCI soil moisture team members authoring the report are: 
Wouter Dorigo, Daniel Chung, Alexander Gruber, Sebastian Hahn, 
Thomas Mistelbauer, Robert Parinussa, Christoph Paulik, Christoph 
Reimer, Robin van der Schalie, Richard de Jeu, and Wolfgang 
Wagner.

Dorigo, W.A., Chung, D., Gruber, A., Hahn, S., Mistelbauer, T., 
Parinussa, R.M., Paulik, C., Reimer, C., van der Schalie, R., de Jeu, 
R.A.M., Wagner, W. (2016): Soil Moisture [in “State of the Climate in 
2015”]. Bull. Amer. Meteor. Soc., 97 (8), S31-32.

http://www.esa-soilmoisture-cci.org/dataregistration
http://www.ametsoc.net/sotc/StateoftheClimate2015_lowres.pdf
http://www.ametsoc.net/sotc/StateoftheClimate2015_lowres.pdf


Use of ESA CCI SM products in a wide variety of studies helps improving our understanding of Earth system processes, in particular with 
respect to climate variability and change. Even though the application fields are seemingly different, in all of them ESA CCI SM plays a central 
role in benchmarking, calibrating, or providing an alternative to the land surface hydrology in dedicated models. The table shows how ESA 
CCI SM has been used so far in the different application areas.

ESA CCI Soil Moisture in Earth system applications 

Application 
Area

Main Purpose References

Climate variability 
and change

Long-term trends in soil moisture 
Albergel et al. 2013; An et al. 2016; Dorigo et al. 2012; Qiu et al. 2016b; 
Rahmani et al. 2016; Shen et al. 2016; Su et al. 2016; van der Schalie et al. 
2016; Wang et al. 2016

Assessment of drivers of soil moisture trends Feng 2016; Liu et al. 2015

Soil moisture as driver of multi-annual variability in land evaporation Miralles et al. 2014b

Impact of ocean atmosphere system on soil moisture variability
Bauer-Marschallinger et al. 2013; Miralles et al. 2014b; Nicolai-Shaw et al. 
2016

Soil moisture as indicator of global climate variability and change
De Jeu et al. 2011; De Jeu et al. 2012; Dorigo et al. 2014; Dorigo et al. 
2015a; Dorigo et al. 2016; Parinussa et al. 2013

Impact of soil moisture trends on atmospheric composition Klingmüller et al. 2016

Validation of climate model runs Du et al. 2016; Lauer et al. 2017; Pieczka et al. 2016

Land atmosphere 
interactions

Improved understanding of soil moisture feedbacks on precipitation Guillod et al. 2014; Guillod et al. 2015; Zhou et al. 2016

Identifying role of soil moisture on temperature variability and 
heatwaves

Casagrande et al. 2015; Hirschi et al. 2014; Miralles et al. 2014a; Veal et al. 
2016

Improved modelling of land evaporation Martens et al. 2016; Miralles et al. 2014b

Impact of soil moisture on dust and aerosols Klingmüller et al. 2016

Global 
biogeochemical 
cycles

Benchmarking and calibrating global vegetation models Szczypta et al. 2014; Traore et al. 2014

Impact of soil moisture dynamics on vegetation productivity
Barichivich et al. 2014; Chen et al. 2014; McNally et al. 2016; Muñoz et al. 
2014; Papagiannopoulou et al. 2016a; Szczypta et al. 2014; Zhang et al. 2016

Connecting trends in soil moisture and vegetation productivity Dorigo et al. 2012; Feng 2016

Improved crop modelling Sakai et al. ; Wang et al. 2016

Assessing drivers of fire activity Ichoku et al. 2016; Forkel et al. 2016

Hydrology and 
land surface 
modelling

Benchmarking model states in hydrological and land surface models
Cui et al. 2016; Du et al. 2016; Fang et al. 2016; Lauer et al. 2017; Loew et 
al. 2013; Schellekens et al. 2016; Spennemann et al. 2015; Szczypta et al. 
2014

Benchmarking model processes in hydrological and land surface models 
(e.g. dry down)

Chen et al. 2016

Persistence and prediction of soil moisture anomalies in land surface 
models

Nicolai-Shaw et al. 2016; Sathyanadh at al. 2016

Improving runoff predictions and flood (risk) modelling Massari et al. 2015; Tramblay et al. 2014

Improved water budget modelling Abera et al. 2016; Allam et al. 2016

Assessing irrigation Kumar et al. 2015; Qiu et al. 2016b

Assessing the impact of agricultural intensification on soil moisture Liu et al. 2015

Computing cumulative precipitation amounts Ciabatta et al. 2016

Drought 
applications

Validation of drought indices van der Schrier et al. 2013

Development of new drought index Carrão et al. 2016; Enenkel et al. 2016; Rahmani et al. 2016

Improved detection of agricultural droughts Liu et al. 2015; Yuan et al. 2015

Soil moisture for integrated drought monitoring 
Enenkel et al. 2016; Gevaert et al. 2016; McNally et al. 2016; Rahmani et al. 
2016

Meteorological 
applications

Improving NWP land surface scheme Dorigo, W., et al. (in review)

Using historical data in order to improve a practical algorithm Leng et al. 2016
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CCI Soil moisture supports new global Water Resources Reanalysis 
product

The ESA CCI soil moisture products have provided an important 
contribution to a new, state-of-the-art Water Resources Reanalysis 
product. The Water Resources Reanalysis (WRR) combines a new 
global forcing with the latest generation of five hydrological and four 
land surface models to produce a multi-model ensemble of water 
cycle observables (e.g., soil moisture, groundwater, streamflow, 
evapotranspiration). Within the reanalysis ESA CCI soil moisture is 
both assimilated into some of the participating models and used as 
a reference for evaluating the ensemble model output. 

The WRR is avaible globally at a 0.25° resolution for the period 
1979-2014 and distributed through the eartH2Observe Water Cycle 
Integrator (wci.earth2observe.eu). Details on the Water Resources 
Reanalysis can be found in: 

Schellekens, J., Dutra, E., Martínez-de la Torre, A., Balsamo, G., van 
Dijk, A., Sperna Weiland, F., Minvielle, M., Calvet, J.-C., Decharme, B., 
Eisner, S., Fink, G., Flörke, M., Peßenteiner, S., van Beek, R., Polcher, 
J., Beck, H., Orth, R., Calton, B., Burke, S., Dorigo, W., and Weedon, 
G. P. (2016). A global water resources ensemble of hydrological 
models: the eartH2Observe Tier-1 dataset, Earth Syst. Sci. Data 
Discuss., doi: 10.5194/essd-2016-55, in review.

Both the Water Resources Reanalysis and important scientific 
developments of the ESA CCI soil moisture datasets are being funded 
through the EU FP7 Earth2Observe (www.earth2observe.eu) project.

New online tools to view and analyse ESA CCI soil moisture

The Earth2Observe Water Cycle Integrator (wci.earth2observe.eu) 
allows to view the new CCI soil moisture dataset and confront 
it with numerous Earth observation datasets and modelled 
reanalysis products of the water cycle (soil moisture, precipitation, 
groundwater, evapotranspiration, etc.). Apart from viewing daily 
images (Figure 2), the portal offers basic functionalities to extract, 
download, and plot time series (figure 3 & 4), upload in-situ data 
for comparison, or create video animations. 

A slim version of the data viewer, containing only ESA CCI soil 
moisture, can be accessed at rs.geo.tuwien.ac.at/data_viewer. 

Apart from the COMBINED scatterometer+radiometer product it also 
gives access to the merged scatterometer (ACTIVE) and radiometer 
(PASSIVE) products, which allows for a more detailed assessment 
of the impact of dataset merging.

We acknowledge Plymouth Marine Laboratory’s Remote Sensing 
Group for making the data viewer code open source through GitHub: 
github.com/earth2observe-pml/GISportal

Figure 2: Screenshot of daily output of ESA CCI SM COMBINED v03.2 displayed in Earth2Observe Water Cycle 
Integrator (wci.earth2observe.eu).   

https://wci.earth2observe.eu/
http://www.earth-syst-sci-data-discuss.net/essd-2016-55/
http://www.earth-syst-sci-data-discuss.net/essd-2016-55/
http://www.earth-syst-sci-data-discuss.net/essd-2016-55/
http://www.earth2observe.eu/
https://wci.earth2observe.eu/
http://rs.geo.tuwien.ac.at/data_viewer/
https://github.com/earth2observe-pml/GISportal
https://wci.earth2observe.eu/


Figure 3: Example of time series plot produced by Earth2Observe Water Cycle Integrator (wci.earth2observe.eu), showing ESA CCI SM 
COMBINED v03.2 (green line/yellow dots) and soil moisture simulated with a modified version of HTESSEL as part of the Earth2Observe 
Water Resources Reanalysis 2 (blue line/red dots). The time series were extracted from a pixel in Zimbabwe, Africa.   

Figure 4: ESA CCI SM COMBINED v03.2 (green line/yellow dots) soil moisture time series confronted with average daily precipitation rates 
(blue line/red dots) from the Multi-Source Weighted Ensemble Precipitation product (MSWEP; Beck et al., 2016). The time series were 
extracted from a pixel in Zimbabwe, Africa.   

https://wci.earth2observe.eu/


www.esa-soilmoisture-cci.org
Wolfgang Wagner, wolfgang.wagner@geo.tuwien.ac.at and Wouter Dorigo, wouter.dorigo@geo.tuwien.ac.at

Project management: Richard Kidd, richard.kidd@eodc.eu; Eva Haas, haas@geoville.com 

PhD thesis of Nadine Nicolai-Shaw (ETH Zurich) addresses important 
climate questions using ESA CCI SM
On August 26th, 2016 Nadine Nicolai-Shaw from ETH Zurich 
successfully defended her PhD thesis. In her thesis “Climate 
research applications of remote-sensing based soil moisture: spatial 
representativeness, predictability and drought response” the ESA 
CCI soil moisture dataset plays a central role. The main research 
questions that were addressed are; what is the spatial footprint 
of a soil moisture measurement, with what lead time can we 
successfully predict soil moisture, and how do soil moisture deficits 
impact the climate system. So far Nadine has successfully published 
two articles and is in the process of submitting her third publication.

Nicolai-Shaw, N., M. Hirschi, H. Mittelbach, and S. I. Seneviratne 
(2015), Spatial representativeness of soil moisture using in situ, 
remote sensing, and land reanalysis data, J. Geophys. Res. Atmos., 
120, 9955–9964, doi: 10.1002/2015JD023305.

Nicolai-Shaw, N., L. Gudmundsson, M. Hirschi, and S. I. Seneviratne 
(2016), Long-term predictability of soil moisture dynamics at the 
global scale: persistence versus large-scale drivers, Geophys. Res. 
Lett., 43, doi: 10.1002/2016GL069847. 

Call for abstracts: ESA CCI Soil Moisture User Workshop and              
4th Satellite Soil Moisture Validation and Application Workshop
The ESA CCI Soil Moisture team is keen on your feedback to constantly 
improve the data set and also see its various applications. Thus, we 
invite you to participate to our upcoming workshops in 2017.

The next CCI Soil Moisture User Workshop will be held at the 
University of Technology in Vienna on 18th September 2017. 
Users from any relevant application area are invited to present their 
experiences with the CCI soil moisture data at the user workshop 
and provide ideas for future product improvements. The following 
4th Satellite Soil Moisture Validation and Application Workshop, 
to be held from 19th to 20th September 2017 also at  the  
University  of  Technology  in  Vienna, aims to discuss and reconcile 
recent methodological advances in the development, validation and 
application of global satellite soil moisture data. 

Previous Satellite Soil Moisture Validation and Application workshops 
were held at the European Space Agency in Frascati (Italy, in 
2013), at the Royal Netherlands Academy of Arts and Sciences in 
Amsterdam (Netherlands, in 2014) and at the Millennium Broadway 
Hotel in New York (USA, in 2016). The workshop series is unique in 

that it brings together satellite soil moisture users and developers 
to focus on both the derivation and exploration of soil moisture data 
from both passive and active microwave satellite missions (SMAP, 
SMOS, ASCAT, AMSR-2, Sentinel-1, and other legacy missions). 

The goal of the last Soil Moisture User workshop, held from 28th 
to 29th April 2016 at the premises of ESA ESTEC, Noordwijk, The 
Netherlands, was to update key users on the latest status and 
future plans, provide hands-on information about the EODC facilities 
and its role within the CCI, support cross ECV activities and learn 
from experiences to further improve the dataset. The research 
interests of the 25 workshop participants that came from the U.S., 
China and Europe cover most of the GEO societal benefit areas with 
a focus on climate, water, agriculture, disasters and weather. The 
outcomes of the workshop and user feedback will be taken into 
account for future product updates. 

Please check smw.geo.tuwien.ac.at for latest 
information and registration.
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