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INTRODUCTION 

 

The call for ideas for the EE10 mission was released in 2017 and three mission candidates were selected for a Phase-0 

study out of 21 proposals in July 2018. The three candidate missions selected for the assessment studies are: 

STEREOID, Daedalus, and G-CLASS. STEREOID (Stereo Thermo-Optically Enhanced Radar for Earth, Ocean, Ice 

and Land Dynamics) will observe small scale motion and deformation fields of the ocean surface, glaciers and ice 

sheets, sea ice and solid Earth. Daedalus is a low flying spacecraft for the exploration of the lower thermosphere-

ionosphere – a mission to quantify the key electrodynamics processes that determine the structure and composition of 

the transition region between the atmosphere and space in the upper atmosphere. G-CLASS (Geosynchronous 

Continental Land-Atmosphere Sensing System) aims to observe the key processes of the daily water cycle to increase 

the prediction capability of intense rainfall and related flooding and landslides, to improve the understanding of the 

diurnal water cycle and to enable the near real time prediction of ground motion. G-CLASS is now called Hydroterra. 

This work is a contribution to the definition of potential scientific needs covered by Hydroterra for improving the 

monitoring of terrestrial variables and processes related to surface hydrology and to weather forecast. 



 

 
 

Fig. 1. Potential scientific needs covered by Hydroterra for improving the monitoring of terrestrial variables and 

processes related to surface hydrology at various scales. SSM, SM2RAIN, LSMs, VOD, and RZSM stand for surface 

soil moisture, an algorithm to retrieve accumulated precipitation from SSM time series [1], land surface models, 

vegetation optical depth, and root-zone soil moisture, respectively. Adapted from [2]. 

 

 

SURFACE SOIL MOISTURE 

 

A key variable observable from space is surface soil moisture (SSM): a useful indicator of the hydrological condition 

and responsiveness of catchments to extreme events. It can be derived using low-frequency passive and active 

microwave sensors such as SMOS, ASCAT or Sentinel-1. A number of studies showed that systematic SSM retrieval at 

high resolution and large scale from Sentinel-1 is possible [3-5]. Also the use of SAR coherent change detection (i.e., 

based on interferometric observations) to identify SSM changes was demonstrated for both C- and L-band [6-10]. In 

addition, conceptual models relating interferometric SAR observations to SSM changes were developed [11,12] and 

their use for SSM retrieval was investigated [13]. However, existing microwave sensors provide measurements that are 

either too coarse or infrequent for capturing many important hydro-meteorological processes taking place at the land-

atmosphere interface. As illustrated by Figure 1, convection events, surface flows, irrigation activities, or other 

important short-term events may be simply missed out. A key message can be derived from Figure 1: processes that are 

active at a fine spatial scale such as runoff tend to be faster than those occurring at the large scale (e.g. drought). 

Therefore, there is a high need for sub-daily sub-kilometric microwave observations to depict these dynamic processes 

in a complete manner. Although the SAR SSM retrieval from radar backscatter (0) is now more advanced than from 

interferometric observations, the latter could provide additional information, especially with an improved sampling 

time. In this respect, the hyper temporal imaging capability of Hydroterra will favor the synergy of intensity and 

interferometric observations in SSM retrievals. 

 

MORE VARIABLES ARE NEEDED 

 

SSM is key but other variables (including vegetation variables) are also useful for monitoring hydrological conditions 

and managing water resources.  

At a global scale, low spatial resolution products can be used to detect the onset of severe conditions but operational 

responses typically require more detailed descriptions of soil-plant systems that can only be provided by high resolution 

products. Recent and on-going studies based on Sentinel-1 data show that C-band SAR systems have potential to 

retrieve SSM and vegetation optical depth (VOD) at sub-kilometric scales. VOD can be considered a proxy for Leaf 

Area Index (LAI) and also contains information on vegetation water content (VWC). In addition to SSM and VOD, 

such data can be used to map irrigated areas (Figure 2). Combining VOD with other satellite-derived products such as  

   



 

 
   

Fig. 2. From Level 1 to Level 2 Hydroterra products 

 

 

LAI could provide useful information on physiological plant properties such as leaf specific area and plant phenology. 

This information could be included in land surface models and hence improve simulations of the vegetation phenology 

and of the terrestrial water cycle. 

The main atmospheric variable driving the terrestrial water cycle is precipitation. It was shown that SSM time series can 

be used to estimate accumulated precipitation values and SM2RAIN, an algorithm to retrieve accumulated precipitation 

from SSM time series, was developed by [1]. 

A number of studies have investigated the 0 difference between descending and ascending orbits for ERS and ASCAT 

instruments. For example, it was found that changes in low resolution ASCAT backscatter diurnal cycle is much 

reduced over the USA during droughts [14]. These studies suggest that the diurnal cycle can give useful information on 

plant water stress. Steele-Dunne et al. [15] has recently revisited the use of the overpass time in ASCAT data over 

North American grasslands. The authors used carefully processed 0 data covering the whole range of available 

incidence angles. They found that vegetation density (or water content) as derived from the observations tends to be 

larger for the evening orbit than for the morning one. This is in contradiction with previous studies. An explanation 

could be that the morning overpass at 09:30 am is probably too late to capture the pre-dawn VWC maximum. This 

indicates that a better temporal sampling is needed to capture diurnal changes in VOD.   

 

 

THE DIURNAL CYCLE 

 

As highlighted above, the diurnal cycle is a new dimension that is inaccessible to existing space-borne microwave 

sensors. Sub-daily observations of 0 and phase as provided by Hydroterra will provide seamless time series that do not 



leave out any important changes in the scattering mechanisms in soils and vegetation. In other words, Hydroterra will 

deliver for the first time interferometric radar observations at the right scale to unambiguously interpret the sources of 

signal variations, i.e. if stemming from (fast) dielectric or (slower) structural changes in the soil or vegetation. This will 

boost the understanding of the interaction of microwaves with soil and vegetation, allowing one to disentangle the 

effects of soil and vegetation on the backscattered signals much better than is possible with existing sensors. This is 

crucial for overcoming shortcomings of current C-band radar-derived SSM products such as low SSM retrievals at 

springtime over some vegetation types like wheat croplands. This could be related to a misrepresentation of changes of 

vegetation structure in the retrieval algorithm. For example, leaf thickness and the ratio of LAI to VOD of wheat crops 

can rapidly change during the plant growth phase. Also, negative correlation with in situ observations and model 

estimates over arid areas and karstic areas have been observed [16]. This could be due to soil subsurface scattering and 

to changes in surface soil roughness. Hydroterra will provide the necessary observables to verify these hypotheses. 

Cross-polarisation would be useful for characterizing vegetation and subsurface scattering. 

More research in needed on disentangling VOD and SSM information at the diurnal time scale. Both quantities may 

present a marked diurnal cycle. The work of [15] on diurnal changes in vegetation density is based on a range of 

incidence angles. Situated on a geosynchronous orbit, Hydroterra will not have a multiangular capability. Even if cross-

polarization is available, disentangling VOD and SSM and retrieving the phase from the Hydroterra observations alone 

could be challenging. It is likely that synergies with land surface models and other biophysical data streams such as LAI 

and SSM will have to be implemented. For this purpose, an observation operator able to simulate the Hydroterra Level 

1 observations from ancillary LAI, interception, and SSM information should be developed. Interception is an 

ephemeral process during and after rainfall episodes corresponding to the evaporation of rain water before it can reach 

the soil surface. The intercepted rainwater is a component of VOD. It can be disentangled from the VWC component of 

VOD as it changes much more rapidly. Vegetation precipitation interception is one of the most uncertain component of 

the water evaporation flux over terrestrial surfaces. Interception can reduce infiltration of rainwater into soils by up to 

30% for forests [17] and can have a significant impact on the weather systems. 

Apart from a plethora of potential operational applications of Hydroterra, addressing the diurnal cycle would trigger 

significant progress in the knowledge related to soil model parameters (drying rates, infiltration rates) and plant 

hydraulics (including the biological redistribution (hydraulic lift) of soil moisture), which currently is missing in the 

process representation of land surface models. Hydraulic redistribution by roots is a poorly known process. Roots may 

transfer moisture from deep soil layers to surface soil layers [18] or on the contrary contribute to groundwater recharge 

[19]. 

Because both Sentinel-1 and Sentinel-2 images can now be combined at high sampling time, different approaches can 

be proposed to estimate the irrigation water use in addition to irrigation mapping. This can be achieved through the 

assimilation of SSM products into land surface models able to work at the field scale. These methods can also be 

implemented using low resolution SSM products such as those derived from ASCAT [20]. The availability of such 

information at daily and sub-daily time intervals would greatly improve our understanding of agricultural practices 

involving irrigation. 

Finally, the diurnal cycle of backscatter and of VOD could be used to characterize processes related to agricultural 

droughts and forest and savanna fire risk. Addressing the diurnal cycle would bring new insight on how to characterize 

drought in terms of processes in land surface models. 

 

DATA ASSIMILATION 

 

Data assimilation refers to the suite of mathematical tools used to combine data and models to produce the best estimate 

of the true state of the system being observed, taking into account all available information about uncertainties in the 

data and the model. Data assimilation has been responsible for significant improvements in operational weather 

forecasting, the production of reanalysis data from centers such as ECMWF. It has a growing role in land surface 

modelling activities. For example, both LAI and SSM can be assimilated into a land surface model to derive the Root-

Zone Soil Moisture (RZSM). The LAI variable is a key driver of evapotranspiration. The capability of LAI observations 

to analyze RZSM in a data assimilation process depends on the representation by the model of the surface hydrology 

processes and the effect of soil water deficit on plant transpiration and plant growth. Albergel et al. [21] showed that the 

use of a multi-layer discretization of the total soil moisture and soil temperature profile enhances the added value of the 

assimilation of LAI observations. In particular, RZSM can be analyzed in dry conditions using LAI. In dry conditions, 

the simulated surface soil moisture is decoupled to a large extent from RSZM and the assimilation of the former to 

analyze the latter is not very effective [22]. Efforts are ongoing to develop the assimilation of satellite data into models 

able to represent the diurnal cycle of the soil-plant system variables. The goal is to have realistic simulations of diurnal 

changes in plant water content in land surface models and build observation operators able to represent the relationship 

between variables of the soil-plant system (e.g. RZSM) and backscatter and phase. Integrating such data into a LSM 

would give access to many variables simulated by a LSM at the sub-daily time scale such as water fluxes 

(evapotranspiration, interception, runoff), sensible heat to the ground and to the atmosphere, land surface temperature, 

and carbon fluxes. Recent attempts to simulate plant hydraulics showed that simulating plant water potential is feasible 

[23]. However, more research is needed to go towards VWC in distinct plant elements (leaves, branches, etc.). It is 

expected that more empirical approaches would be explored. In particular, time derivatives of backscatter could be 

directly related to applications using statistical models. 



 

POTENTIAL SCIENTIFIC AND SOCIETAL IMPACTS 
 

Human-induced climate change tends to increase the frequency of extreme events, such as heat waves, droughts and 

floods. The Mediterranean region can be considered as a hotspot of climate change as climate models predict a 

reduction in precipitation along with a marked warming [24]. The same concern has been expressed for the Sahel river 

basins [25]. Many regions in the Mediterranean are already under stress or even suffer from water scarcity. For 

example, shortage of drinking water is an issue in Algeria, Tunisia, Libya, in Catalonia, and in the Sicily and Apulia 

regions of Italy [24].  

In this ever-changing world, monitoring severe conditions over land is needed. Land surface variable products derived 

from Earth observation can be used together with land surface models for this purpose. Accurate characterization and 

simulation of hydrological and biophysical variables at the land surface is not an easy task, given that terrestrial surfaces 

generally present large spatial heterogeneities. Also, certain anthropogenic factors such as the application of water to 

crops through irrigation, can alter land surface conditions rapidly. Observations and simulations of land surface in the 

lead-up to, and during, extreme events are needed in order to improve preparedness and to mitigate and adapt to their 

impacts.  

The gain in process understanding and improved observation capabilities will open the door to retrieve the (1) soil 

moisture profile within the upper soil layers and its diurnal cycle, (2) precipitation volumes, (3) irrigation practices, (4) 

excess of water and overland flow, (5) plant water stress, and (6) interception. Such products would be particularly 

useful in arid and data-scarce areas such as North Africa and the Sahel region, and in forested areas for interception. 

The development of coupled data assimilation will permit the use of Hydroterra data to analyze land and atmosphere 

conditions at the same time in Earth system models [26]. 
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