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Executive Summary 
The Horizon2020 project Water scenarios For Copernicus Exploitation (Water-ForCE) 

will develop a Roadmap for Copernicus Inland Water Services. The Roadmap will assess 

the current state of water related services provided by six existing Copernicus Services 

and will provide an optimal way forward for satisfying different user and stakeholder 

communities. 

The current report provides the current use of Remote Sensing data (RS) for modelling 

water quality and water quantity such that model outcomes are useful to decision 

makers.  The aim of the report is to look at RS services in general, however the report 

gives special attention to Copernicus services, in order to better formulate 

recommendations for the Water-ForCE final roadmap.  

The analysis carried out in preparing this report pointed out the following:  

-  Increase spatial coverage, as per recommended values in Section 3 

-  Provide the availability of datasets outside the European areas 

-  Reduce the differences in spatial and temporal data collection and the ones measured on 
the ground 

-  Provide API which will give the possibility to import real time data directly to models, 
especially in case of Early warning systems 

-  Create simpler search interface; provide guidance on novice users; organize training 
webinars 

-  Make standardised dataset formats 

-  Make the two datasets (RS and in-situ) comparable (possible validation), reduce uncertainty 

-  Make the accessibility to data quicker and less time-consuming 

-  Possibly enlarge the range of products to groundwater 

-  Give precise information to users about datasets and their uncertainty 

-  Add DOI to data, for easy referencing 
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1. Introduction 
1.1 Water-ForCE 
 
Nowadays Remote Sensing (RS) technologies cover several applications in innovative 

research concerning different domains (environment, agriculture, land management, 

forestry, etc). One of the most important area to which RS data can contribute is water. 

In this field experts use RS data to obtain some of the parameters linked to water quality 

(Papathanasopoulou et al., 2019) and water quantity. In particular experts using RS 

target various objectives: operating with RS data for modelling (hydrological and 

hydraulic models); comparing RS data to modelling outputs for calibration and/or 

validation; using RS data as input to empirical predictions for extreme events, such as 

floods and droughts for decision making; etc. Remote Sensing Data Services need to be 

improved, implemented and consolidated considering users’ needs. Increasing the 

reliability of RS data can lead to provision of more appropriate information about the 

upcoming disasters and consequently robust flood risk assessment (Stoleriu et al., 2020), 

or flash flood vulnerability maps and need assessment (Islam et al., 2022). These 

methodologies in fact can strongly contribute to the alarm systems and disaster 

management (Sarker et al., 2020). Other applications of RS technology are based on 

understanding the processes driving shoreline changes (Dada et al., 2018) or combining 

spatial datasets on forest loss from RS and spatially-explicit hydrological modelling to 

quantify the impact of deforestation on water-based ecosystem services (Netzer et al., 

2019). An advantage of RS technology is that it does not need the direct contact to the 

surface of the Earth and in some particular areas, it is the unique solution to get the 

data. Remote Sensing methodologies have seen major improvements over the last 

decade, but their uptake is still limited, owing to a lack of skills within sectors that could 

benefit from Remote Sensing capability, limited confidence and overall lack of concerted 

effort to support their validation and integration. In EU the Copernicus programme was 
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initiated to fill spatial and temporal gaps in availability of environmental data for 

management and decision making.  

 
In this context the Horizon 2020 project Water-ForCE (Water scenarios for Copernicus 

Exploitation) is developing a Roadmap to better integrate the entire water cycle within 

the Copernicus services, thereby addressing needs and requirements from the user 

community, the current disconnection between Remote Sensing / in-situ observations 

and upgrade of the modelling algorithms.  

The Roadmap will contain: 

● Analysis of user communities’ landscape 

● Analysis on how Copernicus water services can support policy development 

and monitoring of their implementation 

● Gap analysis of the Copernicus water-related service portfolio 

● Identification of future higher-level biogeochemical products 

● Technical requirements for future Copernicus sensors to improve the water-

related service portfolio 

● Proposal for organising in situ measurement networks to validate Copernicus 

Remote Sensing and modelling products and to provide complementary data 

not collected by Remote Sensing 

● Proposal on how to define relationships between Core Services and 

Downstream services 

● Recommendation on the evolution of a water service (via the creation of a 

new service, or the improvement of water services under current Copernicus 

services, or through a better integration of water-related products) 

 

The Water-ForCE project is coordinated by the University of Tartu (Estonia) with 20 

participating organisations from all over Europe. It connects experts in water quality and 

quantity, in policy, research, engineering and service sectors. The project is divided into 

https://www.copernicus.eu/en/copernicus-services
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eight work packages (WP), each of them focusing on a specific problem and/or target of 

the Copernicus services. The project started on 1st of January 2021 with a duration of 

three years. 

 

This report is part of Work Package 5 (WP5) “Modelling and data assimilation” which 

aims to augment the knowledge acquired in WP1-WP4 by identifying the potential for 

future use of different satellite EO in modelling of water resources for support of 

decision makers towards adaptive management of water resources and policy 

implementation. 

 

1.2 Content of the Report 
This document presents the needs assessment for Remote Sensing data in general for 

modelling water quantity and water quality, such that it will be used by decision makers. 

A special focus is given to Copernicus data services.  

The report is structured in four main parts, followed by annexes. The first part, present 

chapter explains the background for the project and present report purpose. The second 

part explains the methodology adopted to collect data.  

Section three of the report analyses the literature review and results obtained from 

specific questionnaires and interviews. 

Section four of the report summarises the outcome of the analysis by recommending a 

set of possible improvements to current Copernicus services. 

 

All gathered data through surveys, literature review and extracted information from 

literature review is available at the end of the report in annexes. 
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2. Methodology  
 

2.1 Approach 
To achieve the objective of Work Package 5 of identifying the needs of EO data for 

modelling the methods used to collect data included the following steps: 

• analysis of Water-ForCE previous workshops and outcomes of the deliverables 

D2.2 (2021) and D3.2. (2022); such that the main stakeholders, as identified and 

analysed in D1.1 contributed to the data collection and provided feedback on the 

use and needs from Earth Observation data in general and Copernicus data in 

particular.  

• identification of current trends in use of Copernicus EO data in modelling in 

support of decision makers, by conducting a structured literature review. The 

literature review selection is based on keywords that were identified by 

deliverables D1.4 (2021), D2.2 (2021), D3.2 (2022), and outcomes of the Water-

ForCE workshops, in particular Workshop of WP3 and WP4 from March 2021, 

and Workshop of WP2 and WP4 of April 2021. 

• conducting online surveys based on the conclusions of the literature review. Two 

questionnaires were developed by the Work Package 5 (WP5) in close 

consultation with the other work packages of the project and feedback from the 

working group. The surveys were sent out to researchers, experts and end-users 

of Remote Sensing data in general and more specifically by Copernicus, to 

explore their current use of data in modelling and their future needs for data.  

• conducting individual face to face interviews with researchers and consultants 

working with RS data. These interviews were carried out during the European 

Geosciences Union (EGU) General Assembly 2022, which took place on 23-27 

May in Vienna, Austria. 
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Data collection was done separately for water quantity and water quality. However, in 

the analysis the common elements to both were highlighted.  

 

2.2 Data collection 
 

The data collected for the needs assessment evaluation was a combination of 

quantitative, numerical data, and qualitative descriptive data. The aim of the literature 

review was to identify the challenges in using Remote Sensing data for modelling water 

quantity and water quality, while the conducted surveys and interviews aimed to 

identify suggestions and actions for implementation of the final Roadmap, in order to 

meet the needs of the users of EO Copernicus.  

 

2.2.1. Literature review 

 

The conducted structured literature review followed the guidelines, as highlighted in 

Moher et al., (2009) using the SCOPUS database, Web of Science, and Google Scholar. 

SCOPUS and Web of Science features the largest peer reviewed journal coverage 

(Mongeon and Paul-Hus, 2016) excluding grey literature. The search was limited to 

journal articles in English and the first search was in the title, abstract and keywords 

using a combination of keywords to describe the investigated EO and Copernicus data 

in the modelling context. 

 

The full research methodology was stepwise. First queries of keywords were performed 

on the three selected databases. Search queries were as follows: 

TITLE-ABS-KEY 

(“modelling”) 

AND (“remote sensing” OR “Earth observation”) 
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AND/OR (“water quantity” OR “water quality”) 

AND/OR (“rivers” OR “lakes”) 

AND/OR (“inland waters”) 

AND/OR (“water resources” OR “water allocation”)) 

AND (LIMIT-TO (SRCTYPE, “j”)) 

AND (LIMIT-TO (DOCTYPE, “ar”)) 

AND (LIMIT-TO (LANGUAGE, “English”)) 

 

In the second step duplicate papers were excluded. Third step referred to strict inclusion 

and exclusion criteria, established to keep the papers within the scope of this review. 

Papers were included if: 

- their abstracts were about Remote Sensing and earth observation data, 

and if  

- these studies were about water quality and water quantity.  

Papers were excluded if:  

- they were duplicates of an already selected paper 

- the work was discursive, or if  

- they were not selected by the VosViewer selection approach 

 

The last eligibility was checked using the systematic scientometric software, VosViewer 

(www.vosviewer.com), developed by Leiden University (Van Eck and Waltman, 2011) in 

order to look for trends in the data in a quantitative manner. For example, the software 

was used to analyse where the studies were conducted (i.e. location) and to determine 

which studies address the identified keywords, during workshops with stakeholders.  

The software completes this analysis in a systematic, repeatable and robust manner. 

The output of a two-stage process which uses a refined second round to further 
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categorise papers. This further round uses a user-defined thesaurus of similar terms, in 

order to screen for similarity and avoid double counting. 

 

The initial search on the three databases was performed on 10 November 2021 and 

yielded 3043 articles matching the keywords. Next abstract screening, and availability 

check and full text screening as described above, which resulted in 114 papers that were 

included in the final analysis (please see References for a full list of articles).  

All selected papers were analysed and categorised, describing bibliographical 

information, study design (e.g. spatial and/or temporal scale) and information regarding 

special parameters related to water quality and/or water quantity modelling, methods 

and concepts used, the location of presented case study and the type of inland water 

(i.e river, lakes, wetlands, etc) was generated.   

 

Examples of type of Remote Sensing data considered are precipitation, 

evapotranspiration, flood extent, snow melt, soil moisture, in case of water quantity; 

and chlorophyll-a, turbidity and Total Suspended Solids (TSS), for water quality.  

 

2.2.2. Surveys and interviews 

 

The second type of investigation carried out was through surveys and face to face 

interviews of experts. One of the most used forms of needs analysis is the survey in the 

form of a questionnaire. The questionnaires were focussed at Copernicus data. 

Information which was obtained from it is tabulated and discussed in Section 3 of this 

deliverable.  

In this study, two questionnaires were developed, one for use of EO and RS for modelling 

water quality (Annex 1.1); and one for modelling water quantity (Annex 1.2). All project 

partners and working groups of the project registered in Hubspot were invited to fill in 
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these two questionnaires, made available as a web-based format. The invitees were 

invited to complete the set of questionnaires of their choice; i.e either water quality, or 

water quantity, or both.  

The main elements of the questionnaires were: 

- Basic information regarding type of work, institution where the respondent 

works and experiences in using Copernicus EO data.  

- Current use of Copernicus data. 

- Identified needs for Copernicus data for the future.  

Survey questionnaires were available for one month for answering, and apart from email 

invitation were also made available during two symposia: the Living Planet Symposium, 

Berlin, 2022; and European Geoscience Union, Vienna 2022. 

A number of 25 survey were received for water quality and 21 for water quantity. 

 

During the EGU 2022, a set of 17 face to face interviews were carried out. The base for 

these interviews were the survey questions.  

 

During the surveys and interviews, structured questions also allowed for open ended 

answers with possibility to make comments, where the respondents could fill in their 

personal opinion. 
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3. Results of Needs assessment 
3.1. Literature review 
The diversity in modelling inland water issues, as quantity and quality, is reflected by the 

fact that out of the 114 reviewed papers a total of 53 journals were checked. The most 

common journals were Journal of Hydrology, Remote Sensing of Environment, and 

Water. The list of consulted journals is available in Annex 2.1. 

 

Table 1. Models' parameters considered for analysis in the reviewed papers 

Selected parameters 
addressed by Remote 
Sensing 

Where the modelling 
applies Copernicus 

RS 
Reviewed paper (as 

mentioned in Reference list) Water 
quantity 

Water 
quality 

bathymetry    [40] 
DEM    [88]; [93] 
drought    [6]; [43]; [102] 

evapotranspiration  

 

 

[1]; [2]; [5]; [10]; [11]; [13]; 
[14]; [17]; [18]; [24]; [26]; 
[30]; [38]; [42]; [47]; 
[52]; [53]; [56]; [59]; [74]; 
[79]; [82]; 
[92]; [99]; [101]; [104]; [107]; 
[113] 

flood extent  

 

 

[7]; [16]; [25]; [43]; [44]; [58]; 
[63]; [65]; [68]; [75]; [80]; 
[84]; [85]; [87]; 
[89]; [102]; [103] 

groundwater    [24]; [35]; [65] 
lake ice cover    [45] 
land surface temperature    [26]; [78]; [114] 

land use/land cover  
  

[4]; [16]; [19]; [33]; [34]; [42]; 
[77]; [88] 

precipitation  
  

[1]; [10]; [24]; [38]; [42]; [46]; 
[54]; [57]; [59]; [62]; [70]; 
[83]; [99]; [104]; 

  [107]; [110] 

river discharge  
  

[24]; [37]; [48]; [51]; [70]; 
[110] 

river width    [41]; [51] 

snowmelt  
 

 
[9]; [12]; [24]; [38]; [42]; [51]; 
[59]; [72]; [91]; [105]; [106]; 
[109]; [113]  
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soil moisture  

 

 

[1]; [3]; [13]; [15]; [24]; [26]; 
[27]; [31]; [38]; [42]; [47]; 
[51]; [53]; [59]; 
[60]; [69]; [79]; [82]; [88]; 
[94]; [113] 

terrestrial water storage 
(TWS)    [97]; [111] 
water levels    [26]; [42]; [51]; [65]; [73] 
chlorophyll-a    [22]; [40] 
aquatic habitats    [64] 
Coloured Dissolved 
Organic Matter (CDOM)    [22]; [24]; [40] 
Lake Surface Water 
Temperature (LSWT)    [40] 
Secchi Disk Depth (SDD)    [22] 
Total Suspended Solids 
(TSS)    [22]; [40] 
trophic status    [40] 
turbidity    [22] 
vegetation products    [29]; [86]; [100] 

 

The frequency of papers per year of publication, for the last 5 years (2017-2020) is available on 

Figure 1. 

 
Figure 1. Yearly distribution of analysed articles 

 

The review was done for both water quality and water quantity Remote Sensing 

parameters based on the processes that are described in models. The set of parameters 

selected for the review analysis, are defined in Table 1. 



 

19 

 

Out of the analysed paper 16 of them specifically address Copernicus RS data, and the 

rest address RS data in general, including Copernicus data. The percentages of articles 

addressing just water quantity is 90%; 4% water quality; and 6% addressing both.  

 

Water quality 

The water quality parameters addressed in the reviewed paper are presented in Figure 

2, and refer to Chlorophyll-a, Coloured Dissolved Matter, Suspended Particulate Matter 

and Turbidity. 

 
Figure 2. Water quality modelling parameters per journal paper mentioning 

 
The water quality modelling papers that were in the list of selected papers to be 

reviewed initially are mainly addressing in-situ measurements. As this deliverable 

address’s RS contribution to modelling, these were excluded from literature review. 

However, Work Package 4, of the Water-ForCE project, conducted a survey on data use 

and needs for in situ data for water quality modelling (Simis et al, 2021). Out of the 45 

respondents to that questionnaire, 67% are using satellite data in their models. 

Moreover, they do consider that weather data are important for water quality modelling 

and monitoring, and weather variables are available (except evaporation). The main 
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parameters lacking or not well known to be available are soil properties, hence it is 

recommended to look into this issue. In the end, the group was asked to answer if they 

are willing to use RS for data collection and 70% of them were positive about it. No 

mentioning of water quality parameters space and time resolution was found in Simis 

et al, (2021) data collection report. 

 

Water quantity 

 

In case of water quantity, the analysed studies have been categorized according to study 

area sizes (micro, meso & macro) and purpose for which the remote sensed or satellite 

based global data products have been used in the hydrological models. Different authors 

in the literature have categorized the scale of catchments according to different sizes. 

For instance, the range for meso scale defined by Uhlenbrook et al., (2004), Singh and 

Stengar, (2018) and Becker et al., (2019) is 10 – 103 km2  

Figure 3 shows the different uses of RS in the hydrological modelling. Mostly the RS 

products have been used by researchers as an initial input to setting up hydrological 

models, also known as settings data. Some commonly used data products are related to 

meteorological data, digital elevation models (DEMs), Land use land change maps (LULC) 

and geological soil distribution information. Some researchers have used globally 

available data products for calibration of models in addition to in-situ stream flows while 

other researches are focused on use of these datasets for validation or evaluation of 

model performance such as actual evapotranspiration and soil moisture data products. 

Few studies also concentrated on the use of these products for updating the state of 

models for better simulation by techniques of data assimilations.   
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Figure 3. Use of Remote Sensing / satellite-based data products in hydrological modelling 

 
Figure 4.(a) Number of case study areas per country or region and (b) percentage 
contribution per continent. 
 

As shown in Figure 4 out of total full text reviewed articles, most studies have been 

conducted in China (23), followed by USA (12) while continent wise most studies have 

been conducted in Asia followed by Europe. If we look into catchment scale wise 

contribution per continent then in Europe 13 out of 32 studies are at meso-scale, while 

macro scale catchments studies are from Asia followed by Africa (36 and 18 

respectively). 
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Precipitation is one of the main inputs in hydrological models. Mostly the in-situ data is 

used in the reviewed papers. Some articles have mentioned the use of satellite data 

products in addition to local gauge data, while in few others the gauge data have been 

used for evaluation of satellite-based products or for correction of satellite-based 

products before using in the models. Annex 2.2 Table 2.2.1, presents the different 

rainfall data products used by different researchers. TRMM (Tropical Rainfall Measuring 

Mission TMAP 3B42) is the most used rainfall product by the researchers followed by 

MSWEP (Multi-Source Weighted-Ensemble Precipitation), CMORPH (Climate Prediction 

Center (CPC) MORPHing technique), CHIRPS (Climate Hazards Group InfraRed 

Precipitation with Stations), GSMaP (Global Satellite Mapping of Precipitation, IMERG 

(Integrated Multi-satellite Retrievals for GPM). 

 

Dembele et al., (2020) used 17 different rainfall products in combination with 6 

temperature products to test the hydrological process in Volta river basin, Africa. Qi et 

al., (2016) compared six rainfall products statistically with gauge station data and also 

with respect to hydrological simulation in the area of Biliu basin, China by the (i) fully 

distributed and (ii) semi-distributed hydrological models. Lakew et al., (2020) and 

Pakoksung & Takagi, (2016) evaluated the performance of five rainfall data products for 

catchments in Ethiopia and Thailand respectively.  Khairul et al, 2018 evaluated four 

rainfall products (TRMM TMPA, CHIRPS, MSWEP & GSMaP) statistically with gauge data 

and found that all products are weak in apprehending the magnitude and spatial 

distribution but good in capturing events. Similarly, Singh and Saravanan, (2020) 

evaluated four rainfall products for catchment in India and found that GPCP, TRMM and 

APHRODITE are more suitable products for simulation of hydrological processes in India. 

Mao et al., 2019 evaluated three rainfall products (GLDAS, TRMM, MERRA-2 and CMFD: 

China Meteorological Forcing Dataset) and assessed that, for runoff simulation MERRA-

2 has performed better. To conclude, it is difficult to clearly identify a single better 
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performing product from all perspectives. It varies from catchment size to size, region 

to region and depends a lot on evaluation criteria either is it a direct comparison with 

in-situ data, or is it a capacity of a product to simulate the runoff. 

 

Topography defined by DEMs, is an important factor for the generation of overland flow 

in hydrological models. Among the global DEMs, SRTM (Spatial Information Shuttle 

Radar Topographic Mission) is the mostly used product (in 28 articles) followed by ASTER 

GDEM (Advanced Space Borne Thermal Emission and Reflection Radiometer-Global 

Digital Elevation Model), HydroSHEDS (Hydrological data and maps based on Shuttle 

Elevation Derivatives at multiple Scales), GTOPO 30: Global Multi-resolution Terrain 

Elevation Data 2010, GMTED 2010: Global Multi-resolution Terrain Elevation Data 2010; 

MERIT: Multi-Error-Removed Improved-Terrain DEM (1 article) and TanDEM-X: 

TerraSAR-X add-on for Digital Elevation Measurement . Annex 2.2.2, presents the DEM 

products used in the studies of the literature review.  

 

Few researchers used multiple data product for the required utility like Ayala et al., 

(2020) who used local 55-meter contour lines, STRM and TanDEM-X for DEM extraction 

for year 1955, 2000 and 2013 respectively for glacier change and run-off study in the 

region of Maipo river basin, Chile. Siqueira et al., (2018) used SRTM for DEM and 

Hydroshed for flow accumulation data. Bech et al., (2020) used MERIT DEM for global 

scale hydrological modelling on distributed HBV model while Chalkidis et al., (2016) 

derived the DEM for Strymonas River catchment from SPOT-5 satellite images (10 m x 

10 m). One study, Pakoksung & Takagi, 2021, compared the runoff and inundation area 

simulation performance of five satellite products (SRTM, ASTER GDEM, GMTED 2010, 

GTOPO 30 & Hydroshed) for a 2011 flood event in Nan river basin, Thailand through 

distributed hydrological modelling. For simulation of run-off GMTED 2010 performed 

comparatively better while SRTM gave highest accuracy for inundation. Although the 
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GMTED 2010 has a coarser resolution it performed better in run-off simulation as 

compared to other finer resolution data products while SRTM performed better for 

inundation area. However, no one commented or analysed the performance of these 

data products for detailed distributed hydrological modelling. 

 

Similarly, for the land use / land cover (LULC) maps, local or data products from national 

agencies are used. The most frequently used regional or global data product is CORINE 

land cover map (Cenci et al., 2016; Hebe et al., 2017; Hollering et al., 2017). For the US 

region studies in the region of USA the mostly used dataset is NLCD (National Land Cover 

Data developed by USGS; Gleason et al 2016., Rajib et al., 2018). Landsat 8 and SPOT-5 

satellite images based derived LULC maps have been used by Gampe et al., (2016), 

respectively. None of the studies reports concern the performance evaluation of these 

products on the hydrological modelling simulation. 

 

For the soil distribution maps, mostly the local or national information or maps have 

been used. The global data products mentioned to be used were:  Digital Soil Map of the 

World FAO (Macalalad et al., 2021), Harmonized World Soil Database FAO (Appel et al., 

2019) and SoilGrids by ISRIC (World Soil Information as a result of international 

collaboration; Chen et al., 2016).  

 

Soil moisture satellite products are used for model calibration and data assimilation. 

Rajib et al, (2018) used the gridded soil moisture product, Aqua daily level-3 version 2 

having a resolution of 25 km for calibration of a SWAT model for two catchments in the 

USA (one meso scaled and another macro scaled). Khan et al., (2018) used surface soil 

moisture data product from European Space Agency Climate Change Initiative (ESA CCI) 

for a SWAT model evaluation. Cenci et al., (2016) used three soil moisture products by 

“EUMETSAT Satellite Application Facility in Support of Operational Hydrology and Water 



 

25 

 

Management” (H-SAF): SM-OBS-1 (25 km resolution data product), SM-OBS-2 (1 km 

resolution data product) and SM-DAS-2 (25 km root zone soil moisture data product). In 

the same time Laiolo et al., (2016) used four soil moisture data products: SM-OBS-1, SM-

OBS-2, SM-DAS-2 products from H-SAF and SMC Level 2 (L2) product by European Space 

Agency SMOS mission for testing the effect of soil moisture data assimilation into 

physically based distributed hydrological model. The previous mentioned authors use 

the soil moisture products for calibration and for data assimilation, while quality of 

product by comparing them with in-situ data before using for other purposes has not 

been analysed by any of the author from the reviewed articles. Only actual 

evapotranspiration data product from MODIS (MOD16) has been evaluated against the 

value calculated by models by Abiodun et al., (2018) and Bugan et al., (2020). 

 

The modelling tools used in the studies presented in the literature review show that the 

most commonly used physically based fully distributed models are Continuum (Cenci et 

al., 2016; Laiolo et al., 2016), Liuxihe (Chen et al., 2021; Macalalad et al., 2019) and MH 

(de Souza et al., 2018). At the same time SWAT is the mostly used semi-distributed 

model (Andualem et al., 2020; Rajib et al., 2018; Jaiswal et al., 2020; Abiodun et al., 

2018). 

 

The use of remote sensed data in different studies showed their potential, however this 

is still limited. Moreover, performance evaluation is quite limited, especially for 

physically based distributed hydrological modelling at meso-scale level. There is a need 

for further exploration and in-depth performance analysis. 

  



 

26 

 

3.2. Surveys  
One of the actions to determine the EO needs assessment was to collect Copernicus RS 

data users’ feedback about different aspects of modelling by distributing two surveys; 

one for water quantity modelling and another one for water quality modelling. Members 

of the Water Force Community and other identified experts were directly contacted and 

asked for feedback. In total, more than 250 specialists were contacted from the project 

community. A number of 46 respondents filled in the on-line surveys. 

 

The two surveys consisted of a set of sixteen (16) questions, and they started on 25th 

April 2022 and finalised on 9th of June. A total of twenty-five (25) filled-in forms were 

received for water quality and twenty-one (21) filled-in forms for water quantity. 

The outcomes of these surveys are analysed in this section of the deliverable. 

 

The types of organizations for which the respondents work are presented for both water 

quality and water quantity surveys in Figure 5. In case of water quality, the majority of 

respondents are researchers or academics and use modelling for their case studies. In 

the case of water quantity 19% of them work in water management organisations, 

hence just take decision based on advice of modellers, rather than using models.  An 

important number of respondents are from non-profit organisations and private 

companies (approx. 15%). 

 

 
Figure 5. Respondents' organisation type 
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Institutions represented in answering the questionnaires are: 

- Confederación Hidrográfica del Ebro 

- CNR-IREA 

- EAWAG 

- Federal Waterways Engineering and Research Institute 

- German Research Centre for Geosciences (GFZ Potsdam) 

- Griffith University 

- IGRAC 

- IHE Delft Institute for Water Education 

- National Institute for Marine Geology and Geoecology GeoEcoMar Romania 

- Plymouth Marine Laboratory 

- Russian State Hydrological institute 

- SMHI 

- Sorbonne University 

- TU Vienna 

- University of Bari 

- University of Coimbra (Portugal) 

- Terrasigna 

- UFZ Magdeburg 

- Vrije University Brussels 

- Water Resources Management Authority 

- Wageningen University 

 

In order to assess the answers to survey from modelling needs point of view 

respondents were asked to select their position in the organisation. Majority of them 

consider themselves researchers while only 16% of the water quality respondents 

consider themselves modellers, and 23% of water quantity (Figure 6). 
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Figure 6. Respondents' position in their institutions 

The survey looked first at their current use of Copernicus data followed by their intent 

to the future use of services. 

The main Copernicus services used are coming from the Land services, followed by 

Climate Change, as shown in Figure 7. 

 
Figure 7. Use of Copernicus services 

 
The experience of researchers is mainly up to 10 years, very few have more than 10 

years of experience in using Copernicus services.  

A 40% proportion of respondents consider that Copernicus data are easy to use in a 

model and easy to find, however there are some problems in accessing it, such as: 

- no uniform data access 

- no harmonisation of data formats for different services 

- data have no DOI to be referenced 

- no clear location of virtual stations for river altimetry for example  

- some data are not free, for example DIAD collected data 

The current use of data and the preferred needs for the future are highlighted below, as 

resulted from each of the surveys. 
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Water quality 
 
Majority of respondents for the water quality survey, 84% of them, are using Remote 

Sensing data in general; and 64% of them use Copernicus data services. The ones who 

do not use the services commented that they do not have enough knowledge on how 

to access these data, because they do not have the time to learn how to access it, or 

because they were not aware if such data would be relevant for their models. One 

researcher mentioned that while trying to access the CLMS data set, there were so many 

products available that overwhelmed him/her, and could not find exactly what s/he was 

looking for (see annex with all responses, for reference). 

Current spatial resolution in use by the respondents, for each identified water quality 

parameter is presented in Table 2. 

As seen from Table 2 spatial resolution most used is the one of 200 m x 200 m. The 

respondents state that it is used in modelling to do calibration and validation mainly. 

In terms of temporal resolution, the water quality parameters are mainly used as daily 

(see annex with all responses, for reference). 

Table 2. Used spatial resolution for water quality parameters 
 

Parameter Spatial resolution (answers in %) 
200m x 
200m 

500 mx 
500m 

2km x 
2km 

10 kmx 
10 km 

Other 

Chlorophyll-a (Chla) 38.5 7.7 7.7 23.1 23.1 
Phytoplankton absorption 
coefficient (aphy) 

50 16.7 16.7 16.7 0 

Total absorption coefficient 
(atot) 

75 0 0 0 25 

Coloured dissolved matter 
(CDM) 

50 0 0 25 25 

Suspended Particulate matter 
(SPM) 

44.4 22.2 11.1 22.2 0 

Diffuse attenuation coefficient 
(Kd) 

60 20 20 0 0 

Sea Surface temperature (SST) 37.5 12.5 0 25 25 
Particulate Backscattering 
Coefficient (Bbp) 

50 0 0 25 25 
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Secchi Disk depth (ZSD) 50 50 0 0 0 
Remote Sensing Reflectances 
(Rrs) 

37.5 25 12.5 12.5 12.5 

Lake surface water 
temperature (LSWT) 

50 25 0 12.5 12.5 

Trophic state index (TSI) 50 25 0 0 25 
Water leaving reflectance 
(WLR) 

42.9 42.9 0 14.3 0 

Mass concentration of 
chlorophyll-a (MCC) 

37.5 37.5 0 25 0 

Remote Sensing Reflectance 
(RSR) 

50 25 12.5 12.5 0 

 
A majority larger than 45% of respondents consider that Copernicus data portals are 

easily accessible, and easy to find. They use it in models, however they do have problems 

while using these services, such as: 

- Though services are great, such as C35 API, there is no uniform data access; 

- Data formatting is not harmonised for all products, hence sometimes difficult to 

use. 

- Not all datasets are having DOI, and as such cannot be easily referenced. 

 

All Copernicus services are mainly used for calibration and validation (53.3% of 

respondents) while the main limitations users have in using them for modelling are data 

quality as compared with quality of in-situ measurements (60% of respondents). 

 

The survey identified what would be the preferred improvements for the Copernicus 

services, with most respondents finding it as the most important thing to improve the 

Remote Sensing data quality and reduce the uncertainty (60% of respondents). 

In terms of spatial needs per each parameter, including new proposed parameters, the 

choice of the respondents is given in Table 3. 
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Table 3. Recommended spatial resolution for water quality modelling parameters 
 

 Preferred spatial resolution (answers in %) 
Parameter 50m x 50m 100m x 

100m 
200m x 
200m 

1 km x 1Km Others 

chla 38.9 33.3 5.6 5.6 16.7 
aphy 35.7 28.6 7.1 0 28.6 
atot 35.7 28.6 7.1 7.1 21.4 
CDM 35.7 35.7 7.1 7.1 14.3 
SPM 41.2 41.2 0 11.8 5.9 
Kd 30.8 38.5 0 7.7 23.1 
SST 31.3 31.3 12.5 12.5 12.5 
Bbp 30.8 46.2 0 0 23.1 
ZSD 30.8 46.2 0 15.4 7.7 
Rrs 33.3 33.3 0 13.3 20 
LSWT 44.4 22.2 11.1 11.1 11.1 
TS 42.9 21.4 0 14.3 21.4 
Turbidity 63.2 15.8 0 10.5 10.5 
WLR 40 33.3 0 6.7 20 
MCC 37.5 37.5 0 12.5 12.5 
RSR 47.1 29.4 0 5.9 17.6 
WPP 42.1 21.1 5.3 21.1 10.5 
TN 44.4 16.7 5.6 16.7 16.7 
TP 44.4 16.7 5.6 16.7 16.7 
DOC 38.9 22.2 5.6 16.7 16.7 
PP CO2 35.7 7.1 21.4 14.3 21.4 

 

In terms of time resolution, the majority of parameters are recommended to be daily, 

by over 85% of respondents. (see answers in annex) 

A series of free text observations were inserted by respondents, a selection of them is 

listed below. The suggestions are included in the concluding section of this report as 

well. 

Suggestions are: 

o Simpler search interface when lots of variables are on offer by any 

Copernicus Service.  

o Guidance for novice users on how to choose the best parameter for their 

needs (e.g. tutorials, or onboarding).  
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o DOIs and clear citation guidelines for every dataset.  

o I think it would be nice for me to learn how to bridge the gap between 

modellers and Remote Sensing and vice versa.  

o I wonder if the products suggested are also suitable to be used in 

groundwater assessments, or if this is only focused on surface water. More 

products dedicated to groundwater are needed. 

o Validated EO data. 

o Please also provide uncertainty bands around the values, and technical 

reports on how the processing was done that we can refer to. 

 
Water quantity 
 
Majority of respondents for water quantity, 85.7%, are using Remote Sensing data in 

general; and if they are not using it, in general is because their colleagues are using it 

and provide them with end processed data. A majority (71.4 % of them) use Copernicus 

data services. The ones who do not use the services are not doing so because others are 

providing them with data coming from Copernicus services. This is a different approach 

than in the case of water quality where some of the researchers were not aware of the 

data availability for their modelling needs. 

 

Current spatial resolution in use by the respondents, for each identified water quantity 

parameter is presented in Table 4. 

Table 4. Spatial resolution used for water quantity parameters 
 

 Spatial resolution (answers in %) 
PARAMETER 200 m x 

200 m 
500 m x 
500 m 

2 km x 2 
km 

10 km x 10 
km 

Other 

Precipitation 0 8.3 8.3 58.3 25 
Soil moisture 0 10 0 70 20 
Evapotranspiration 25 12.5 0 37.5 25 
Surface runoff 0 0 0 50 50 
River discharge 0 25 0 0 75 
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Flood extend 14.3 0 14.3 14.3 57.1 
Inland water 
temperature (IWT) 

0 0 0 33.3 66.7 

LU /LC 36.4 9.1 0 18.2 36.4 
Land surface 
temperature (LST) 

0 16.7 0 50 33.3 

Air temperature 
(AT) 

0 0 0 66.7 33.3 

Bathymetry 0 0 33.3 33.3 33.3 
DEM 0 14.3 0 0 85.7 
Water levels in lakes 
and rivers (WL) 

25 12.5 0 12.5 50 

 
Concerning the spatial resolution, the most used Copernicus products resolution is the 

one of 10 km x 10 km which is quite coarse. The respondents state that the parameters 

are mostly used as modelling inputs (66.7%), followed by calibration and validation. 

Similar to water quality, the main limitations found in using the data are the data quality 

followed by the insufficient spatial resolution.  

Temporal resolution usage is presented in Table 5, where it is seen that except LU/LC, 

the most often used temporal resolution is the daily one. 

Table 5. Temporal resolution for water quantity modelling parameters 

 Temporal resolution (answers in %) 
Parameter Annual Monthly Daily Hourly Others 
Precipitation 0 9.1 54.5 18.2 18.2 
Soil moisture 0 0 88.9 0 11.1 
Evapotranspiration 0 12.5 75 0 12.5 
Surface runoff 0 0 25 25 50 
River discharge 0 0 50 25 25 
Flood extend 0 14.3 28.6 14.3 42.9 
IWT 0 0 33.3 0 66.7 
LU /LC 72.7 0 18.2 0 9.1 
LST 0 0 83.3 0 16.7 
AT 0 16.7 50 16.7 16.7 
Bathymetry 33.3 0 33.3  33.3 
DEM 14.3 0 14.3 0 71.4 
WL 0 12.5 25 25 37.5 
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The survey found out that on what would be the preferred improvements for the 

Copernicus services all respondents considered the most important improvement to be 

the Remote Sensing spatial coverage, data reliability, update frequency and reducing 

uncertainty. In terms of spatial needs per each parameter, the choice of the respondents 

is given in Table 6. 

Table 6. Recommended spatial resolution for water quantity modelling 

 Preferred spatial resolution (answers in %) 
Parameter 50 m x 50 

m 
100 m x 
100 m 

200 m x 
200 m 

1 km x 1 
Km 

Others 

Precipitation 12.5 37.5 6.3 37.5 6.3 
Soil moisture 31.3 25 12.5 31.3 0 
Evapotranspiration 33.3 20 20 26.7 0 
Surface runoff 26.7 26.7 13.3 33.3 0 
River discharge 28.6 21.4 7.1 28.6 14.3 
Flood extend 23.1 38.5 15.4 7.7 15.4 
IWT 44.4 22.2 0 8.3 16.7 
LU /LC 33.3 41.7 0 0 23.1 
LST 35.7 35.7 7.1 21.4 0 
AT 22.2 44.4 0 33.3 0 
Bathymetry 50 25 0 12.5 12.5 
DEM 62.5 12.5 0 12.5 12.5 
WL 56.3 12.5 0 12.5 18.8 

 

For the most respondents, the preferred temporal resolution is for the majority of 

parameters, the one already in use, i.e daily. However, hourly resolution is preferred for 

some of the parameters, such as river discharge (see Table 7). 

 
Table 7. Recommended temporal resolution for water quantity parameters 

 
 Temporal resolution (in %) 
PARAMETER Daily Hourly Others 
Precipitation 56.3 43.8 0 
Soil moisture 82.4 11.8 5.9 
Evapotranspiration 73.3 26.7 0 
Surface runoff 56.3 43.8 0 
River discharge 46.7 53.3 0 
Flood extend 42.9 50 7.1 
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IWT 45.5 45.5 9.1 
LU /LC 50 16.7 33.3 
LST 60 40 0 
AT 50 50 13.3 
Bathymetry 55.6 22.2 22.2 
DEM 75 12.5 12.5 
WL 64.7 35.3 0 

 
In case of water quantity modelling parameters, there were only few suggestions 

mentioned in the surveys:  

o Copernicus data service for the ECV (Essential Climate Variable) groundwater 

storage are needed. 

o Copernicus data service for the ECV (Essential Climate Variable) terrestrial 

water storage (TWS) are needed as well. 

o DOI and clear dataset citation. 

o I think that more products related to groundwater are needed (e.g. 

groundwater storage change, or even total water storage change). 

 
All the suggestions and outcomes of the survey and are captured in recommendations 

in section 4 of this deliverable. 
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3.3. Interviews  
Seventeen interviews involving researchers, consultants, and PhD students working with 

RS data were carried out at EGU General Assembly 2022 in Vienna. The majority of those 

who answered the interview, mainly use Copernicus data for water quantity modelling 

(58.8%), and secondly for water quality modelling (23.5%) (Figure 8).  

 
Figure 8. Type of modelling addressed by the interviewed specialists 

 
Out of the 17 persons interviewed 50% use Copernicus data for their modelling needs. 

However, the main limitations of RS Copernicus data services detected during the 

interviews consist of: 

• an insufficient spatial and temporal resolution (e.g. no sub-hourly dataset is 

available);  

• the discrepancies identified with the real time data;  

• the data latency. Concerning this, some of the people interviewed would 

appreciate the possibility to import real time data (not available right now) 

directly to models for Early warning systems; 

• the temporal and spatial coverage of the datasets. In particular, the 

interviewees mostly found that an important limitation of Copernicus Data 

involves the availability of datasets exclusively for European areas.  
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4. Conclusions and Recommendations 
The main recommendation for the Roadmap is to highlight the need of EO and RS for 

modelling water quantity and water quality in support of decision making, while a 

special emphasis should be made on the Copernicus data. Some of recommendations 

are summarised in Table 8 below. 

 
Table 8. List of recommendations for the Water ForCe Roadmap 

ID Needs Recommendation 

1 Higher spatial coverage of datasets Increase spatial coverage, as per 
recommended values in Section 3 

2 Spatial coverage all over the world Provide the availability of datasets outside the 
European areas 

3 Higher update frequency of datasets Update frequency of data collection to match 
the ones measured on the ground 

4 Importing data into models Provide API which will give the possibility to 
import real time data directly to models,  

5 Make easier processing, interpreting the 
data by the non-specialists 

Create simpler search interface; provide 
guidance on novice users; organize training 
webinars 

6 Harmonization of products from different 
services in terms of data format 

Make standardised dataset formats 

7 Improve data quality (as compared to in 
situ data) 

Make the two datasets (RS and in-situ) 
comparable (possible validation), reduce 
uncertainty 

8 Make easier the accessibility to data Make the accessibility to data quicker and less 
time-consuming 

9 More products dedicated to groundwater 
(groundwater storage change or total 
water storage change) 

Possibly enlarge the range of products to 
groundwater 
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10 Provide uncertainty bands around the 
values and technical reports on how the 
processing was done 

Give precise information to users about 
datasets and their uncertainty 

11 DOI Add DOI to data, for easy referencing 

12 Uncertainty bound of data Provide data quality assessment more easily 
findable, and provide uncertainty bounds of 
data 

 
A series of hydrological models, distributed or lumped, which are widely used by 

modellers, such as Mike Zero, Delft3D, are not mentioned in the revised paper, because 

they do not rely on RS data. Moreover, the Surface Water Ocean topography (SWOT) 

mission (Biancamaria et al, 2016), which is due to be launched in November 2022 

(swot.jpl.nasa.gov/mission/overview/) is not presented as a need by respondents, 

however it is well represented in the literature review by different authors. This shows 

that it is not well known yet by all users.  

  



 

39 

 

References 
Remark: The list of references contains a list of references that are not part of the literature 

review, however part of the deliverable work, hence referenced in text; and a numbered list of 

papers that are part of the reviewed literature. Reviewed literature is numbered, for the use of 

it in tables of the literature review.  

 

Present deliverable references 

• Biancamaria, S., Lettenmaier, D., Pavelsky, T.,M., 2016. The SWOT Mission and 

Its Capabilities for Land Hydrology. Surv. Geophys., 37(2), 307-337. DOI: 

10.1007/s10712-015-9346-y 

• D1.1 List of stakeholders, 2021 (Water-ForCE deliverable, leading partner: USTIR) 

• D1.4 Report with end-user needs and requirements, 2022 (Water-ForCE 

deliverable, leading partner: ICCS) 

• D1.5 Report with analysis for business opportunities, validated by industry, 2022 

(Water-ForCE deliverable, leading partner: dotSPACE) 

• D2.2 Recommendations on Copernicus products - Water Quality, 2021 (Water-

ForCE deliverable, leading partners: FvB/IGB) 

• D3.2 Review document on Copernicus products related to the hydrological water 

balance (Water-ForCE deliverable, leading partners: Vrije Universiteit Brussel 

and Antea Belgium) 

• Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G., PRISMA Group, 2009. Preferred 

reporting items for systematic reviews and meta-analyses: the PRISMA 

statement. PLoSMed,6(7). Available online, DOI: 10.1371/journal.pmed.1000097 

• Mongeon, P., & Paul-Hus, A., 2015. The Journal Coverage of Web of Science and 

Scopus: a Comparative Analysis. Scientometrics, 106. Available online, DOI: 

10.1007/s11192-015-1765-5 



 

40 

 

• Simis, S, Walker, P., Ogashawara, I., Cillero, C., Laas, A., 2021, Outcomes of the 

Expert Workshop on in situ calibration and validation of satellite products of 

water quality and hydrology (H2020 Water-ForCE), Zenodo., DOI: 

10.5281/zenodo.5789232 

• Uhlenbrook, S., Roser, S., Tilch, N., 2004. Hydrological process representation at 

the meso-scale: the potential of a distributed, conceptual catchment model. J. 

Hydrol., 291 (3, 4), 278-296. DOI: 10.1016/j.jhydrol.2003.12.038 

Van Eck, N.J., Waltman, L., 2011. Text mining and visualization using VOSviewer. 

ISSI Newsletter, 7(3), 50-54 

 

Literature review references: 

[1] Abdi, M. J., Raffar, N., Zulkafli, Z., Nurulhuda, K., Rehan, B. M., Muharam, F. M., 

Khosim, N. A., Tangang, F., 2022. Index-based insurance and hydroclimatic risk 

management in agriculture: A systematic review of index selection and yield-

index modelling methods. Int. J. of Disaster Risk Reduct., 67(10). Available 

online, DOI: 10.1016/j.ijdrr.2021.102653 

[2] Abiodun, O. O., Guan, H., Post, V. E. A., Batelaan, O., 2018. Comparison of MODIS 

and SWAT evapotranspiration over a complex terrain at different spatial scales. 

Hydrol. Earth Syst. Sci., 22(5), 2775–2794. DOI: 10.5194/hess-22-2775-2018 

[3] Abowarda, A. S., Bai, L., Zhang, C., Long, D., Li, X., Huang, Q., Sun, Z., 2021. 

Generating surface soil moisture at 30 m spatial resolution using both data 

fusion and machine learning toward better water resources management at the 

field scale. Remote Sens. Environ., 255. Available online, DOI: 

10.1016/j.rse.2021.112301 

[4] Abuzied, S. M., Mansour, B. M. H., 2019. Geospatial hazard modeling for the 

delineation of flash flood-prone zones in Wadi Dahab basin, Egypt. J. 

Hydroinformatics, 21, 180–206. DOI: 10.2166/hydro.2018.043 



 

41 

 

[5] Aksu, H., Arikan, A., 2017. Satellite-based estimation of actual evapotranspiration 

in the Buyuk Menderes Basin, Turkey. Hydrol. Res., 48(2), 559–570. DOI: 

10.2166/nh.2016.226 

[6] Al-Quraishi, A. M. F., Negm, A. M., 2020. Updates, Conclusions, and 

Recommendations for Environmental Remote Sensing and GIS in Iraq. 

Environmental Remote Sensing and GIS in Iraq, Springer Water, Springer Nature 

Switzerland AG 2020, chapter 21, 517–529. DOI: 10.1007/978-3-030-21344-

2_21 

[7] Andualem, T.G., Guadie, A., Belay, G., Ahmad, I., Dar, M.A., 2020. Hydrological 

modeling of Upper Ribb watershed, Abbay Basin, Ethiopia. Glob. Nest J., 22(2), 

158-64. DOI: 10.30955/gnj.003152 

[8] Anusha, N., Bharathi, B., 2020. Flood detection and flood mapping using multi-

temporal synthetic aperture radar and optical data. Egypt.J.Remote.Sens.Space 

Sci., 23(2), 207–219. DOI: 10.1016/j.ejrs.2019.01.001 

[9] Appel, F., Koch, F., Rösel, A., Klug, P., Henkel, P., Lamm, M., Mauser, W., Bach, H., 

2019. Advances in Snow Hydrology Using a Combined Approach of GNSS In Situ 

Stations, Hydrological Modelling and Earth Observation—A Case Study in 

Canada. Geoscience, 9(1), 44. DOI: 10.3390/geosciences9010044 

[10] Armstrong, R. N., Pomeroy, J. W., Martz, L. W., 2019. Spatial variability of mean 

daily estimates of actual evaporation from remotely sensed imagery and 

surface reference data. Hydrol. Earth Syst. Sci., 23(12), 4891–4907. DOI: 

10.5194/hess-23-4891-2019  

[11] Awada, H., Ciraolo, G., Maltese, A., Provenzano, G., Moreno Hidalgo, M. A., 

Còrcoles, J. I., 2019. Assessing the performance of a large-scale irrigation system 

by estimations of actual evapotranspiration obtained by Landsat satellite 

images resampled with cubic convolution. Int. J. Appl. Earth Obs. Geoinf., 75, 

96–105. DOI: 10.1016/j.jag.2018.10.016 



 

42 

 

[12] Ayala, Á., Farías-Barahona, D., Huss, M., Pellicciotti, F., McPhee, J., Farinotti, D., 

2020. Glacier runoff variations since 1955 in the Maipo River basin, in the 

semiarid Andes of central Chile. Cryosphere, 14(6), 2005–2027. DOI: 

10.5194/tc-14-2005-2020 

[13] Becker, R., Gebremichael, M., Märker, M., 2018. Impact of soil surface and 

subsurface properties on soil saturated hydraulic conductivity in the semi-arid 

Walnut Gulch Experimental Watershed, Arizona, USA. Geoderma, 322, 112–

120. DOI: 10.1016/j.geoderma.2018.02.023 

[14] Becker, R., Koppa, A., Schulz, S., Usman, M., aus der Beek, T., Schüth, C., 2019. 

Spatially distributed model calibration of a highly managed hydrological system 

using remote sensing-derived ET data. J. Hydrol., 577. Available online, DOI: 

10.1016/j.jhydrol.2019.123944 

[15] Bidkhani, N. O. G., Mobasheri, M. R., Safdarinezhad, A., 2021. Integration of 

MODIS-derived indices and field observations to estimate surface soil moisture 

at regional scales. Arab. J. Geosci., 14(16), 1646. Available online, DOI: 

10.1007/s12517-021-08133-9 

[16] Bouaida, J., Witam, O., Ibnoussina, M., Delmaki, A. E. F., Benkirane, M., 2021. 

Contribution of remote sensing and GIS to analysis of the risk of flooding in the 

Zat basin (High Atlas-Morocco). Nat. Hazards, 108(2), 1835–1851. DOI: 

10.1007/s11069-021-04758-x 

[17] Bowman, A. L., Franz, K. J., Hogue, T. S., 2017. Case studies of a MODIS-based 

potential evapotranspiration input to the Sacramento Soil Moisture Accounting 

model. J. Hydrometeorol., 18(1), 151–158. DOI: 10.1175/JHM-D-16-0214.1 

[18] Bugan, R., García, C. L., Jovanovic, N., Teich, I., Fink, M., & Dzikiti, S., 2020. 

Estimating evapotranspiration in a semi-arid catchment: A comparison of 

hydrological modelling and remote-sensing approaches. Water SA, 46(2), 158–

170. DOI: 10.17159/wsa/2020.v46.i2.8231 



 

43 

 

[19] Busari, I. O., Demirel, M. C., Newton, A., 2021. Effect of using multi-year land use 

land cover and monthly lai inputs on the calibration of a distributed hydrologic 

model. Water (Switz.), 13(11). Available online, DOI: 10.3390/w13111538 

[20] Cenci, L.,Laiolo, P., Gabellani, S., Campo, L., Silvestro, F., Delogu, F., Boni, G., 

Rudari, R., 2016. Assimilation of H-SAF Soil Moisture Products for Flash Flood 

Early Warning Systems. Case Study: Mediterranean Catchments. IEEE J. Sel. Top. 

Appl. Earth Observation Remote Sensing., 9(12), 5634-5646. DOI: 

10.1109/JSTARS.2016.2598475 

[21] Cerbelaud, A., Breil, P., Blanchet, G., Roupioz, L., Briottet, X., 2022. Proxy Data of 

Surface Water Floods in Rural Areas: Application to the Evaluation of the IRIP 

Intense Runoff Mapping Method Based on Satellite Remote Sensing and Rainfall 

Radar. Water, 14(3). Available online, DOI: 10.3390/w14030393 

[22] Chawla, I., Karthikeyan, L., Mishra, A. K., 2020. A review of remote sensing 

applications for water security: Quantity, quality, and extremes. J. Hydrol., 585. 

Available online, DOI: 10.1016/j.jhydrol.2020.124826 

[23] Chalkidis, I., Seferlis, M., Sakellariou-Makrantonaki, M., 2016. Evaluation of the 

environmental impact of an irrigation network in a ramsar area of the Greek 

part of the Strymonas River basin using a coupled MIKE SHE/MIKE 11 modelling 

system. Glob. Nest J., 18, 56-66.  

[24] Chen, X., Lee, R. M., Dwivedi, D., Son, K., Fang, Y., Zhang, X., Graham, E., Stegen, J., 

Fisher, J. B., Moulton, D., Scheibe, T. D., 2021. Integrating field observations and 

process-based modeling to predict watershed water quality under 

environmental perturbations. J. Hydrol., 602. Available online DOI: 

10.1016/j.jhydrol.2020.125762 

[25] Chithra, K., Binoy, B. V., Bimal, P., 2022. Spatial Mapping of the Flood-Affected 

Regions of Northern Kerala: A Case Study of 2018 Kerala Floods.  J. Indian Soc. 

Remote Sens., 50, 677-688. DOI: 10.1007/s12524-021-01485-5 



 

44 

 

[26] Corbari, C., Huber, C., Yesou, H., Huang, Y., Su, Z., Mancini, M., 2019. Multi-satellite 

data of land surface temperature, lakes area, and water level for hydrological 

model calibration and validation in the Yangtze river Basin. Water, 11(12). 

Available online, DOI: 10.3390/w11122621 

[27] Corbari, C., Jovanovic, D. S., Nardella, L., Sobrino, J., Mancini, M., 2020. 

Evapotranspiration estimates at high spatial and temporal resolutions from an 

energy–water balance model and satellite data in the capitanata irrigation 

consortium. Remote Sens., 12(24), 1–24. DOI: 10.3390/rs12244083 

[28] Dada, O. A., Li, G., Qiao, L., Asiwaju-Bello, Y. A., Anifowose, A. Y. B., 2018. Recent 

Niger Delta shoreline response to Niger River hydrology: Conflict between 

forces of Nature and Humans. African J. Earth Science, 139, 222–231. DOI: 

10.1016/j.jafrearsci.2017.12.023 

[29] Danbara, T. T., Belete, M. D., Tasew, A. G., 2022. Assessment of Flood Hazard Areas 

Using Remote Sensing and Spatial Information System in Bilate River Basin, 

Ethiopia. Lect. Notes Inst. Comput. Sci. Soc.-Inform. Telecommun. Eng., 412, 

175–194. DOI: 10.1007/978-3-030-93712-6_12 

[30] Dembélé, M., Ceperley, N., Zwart, S. J., Salvadore, E., Mariethoz, G., Schaefli, B., 

2020. Potential of satellite and reanalysis evaporation datasets for hydrological 

modelling under various model calibration strategies. Adv. Water Resour., 143. 

Available online, DOI: 10.1016/j.advwatres.2020.103667 

[31] Demirel, M. C., Özen, A., Orta, S., Toker, E., Demir, H. K., Ekmekcioğlu, Ö., Tayşi, H., 

Eruçar, S., Sağ, A. B., Sari, Ö., Tuncer, E., Hanci, H., Özcan, T. I., Erdem, H., 

Koşucu, M. M., Başakin, E. E., Ahmed, K., Anwar, A., Avcuoğlu, M. B., Booij, M. 

J., 2019. Additional value of using satellite-based soil moisture and two sources 

of groundwater data for hydrological model calibration. Water, 11(10). 

Available online, DOI: 10.3390/w11102083 



 

45 

 

[32] de Souza B.A., da Silva Rocha Paz, I., Ichiba, A., Willinger, B., Gires, A., Amorim, 

J.C.C., de Miranda Reis, M., Tisserand, B., Tchiguirinskaia, I., Schertzer, D., 2018. 

Multi-hydro hydrological modelling of a complex peri-urban catchment with 

storage basins comparing C-band and X-band radar rainfall data. Hydrol. Sci. J., 

63(11), 1619-1635. DOI: 10.1080/02626667.2018.1520390 

[33] Etchanchu, J., Rivalland, V., Gascoin, S., Cros, J., Tallec, T., Brut, A., Boulet, G., 2017. 

Effects of high spatial and temporal resolution Earth observations on simulated 

hydrometeorological variables in a cropland (southwestern France). Hydrol. 

Earth Syst. Sci., 21(11), 5693–5708. DOI: 10.5194/hess-21-5693-2017 

[34] Fan, C., Zhang, C., Yahja, A., Mostafavi, A., 2021. Disaster City Digital Twin: A vision 

for integrating artificial and human intelligence for disaster management. Int. J. 

Inf. Manag., 56. Available online, DOI: 10.1016/j.ijinfomgt.2019.102049 

[35] Ferrant, S., Selles, A., le Page, M., Herrault, P. A., Pelletier, C., Al-Bitar, A., Mermoz, 

S., Gascoin, S., Bouvet, A., Saqalli, M., Dewandel, B., Caballero, Y., Ahmed, S., 

Maréchal, J. C., Kerr, Y., 2017. Detection of irrigated crops from Sentinel-1 and 

Sentinel-2 data to estimate seasonal groundwater use in South India. Remote 

Sens., 9(11). Available online, DOI: 10.3390/rs9111119 

[36] Gampe, D., Ludwig, R., Qahman, K., Afifi, S., 2016. Applying the Triangle Method 

for the parameterization of irrigated areas as input for spatially distributed 

hydrological modeling — Assessing future drought risk in the Gaza Strip 

(Palestine). Sci. Total Environ., 543 (part B), 877-888. DOI: 

10.1016/j.scitotenv.2015.07.098 

[37] Garambois, P. A., Larnier, K., Monnier, J., Finaud-Guyot, P., Verley, J., Montazem, 

A. S., Calmant, S., 2020. Variational estimation of effective channel and 

ungauged anabranching river discharge from multi-satellite water heights of 

different spatial sparsity. J. of Hydrol., 581. Available online, DOI: 

10.1016/j.jhydrol.2019.124409 



 

46 

 

[38] Gerhátné Kerényi, J., 2018. Application of remote sensing for the determination of 

water management parameters. Hydrology SAF. Időjárás, 122(1), 1–13. DOI: 

10.28974/idojaras.2018.1.1 

[39] Gleason, K., Nolin, A., Roth, T., 2016. Developing a representative snow monitoring 

network in a forested mountain watershed. Hydrol. Earth Syst. Sci. Discuss., 1-

26. DOI: 10.5194/hess-2016-317 

[40] Greb, S., Dekker, A., Binding, C., Bernard, S., Brockmann Brockman, C., Dekker 

CSIRO, A., Paul DiGiacomo, A., Greb Wisconsin DNR, S., Derek Griffith, U., 

Groom, S., Hestir, E., Hunter, P., Kutser, T., Mannaerts, C., Matthews, M., 

Odermatt, D., Robertson Lain, L., Schaeffer, B. A., Simis, S., Wang, M., 2018. 

Organisation for the Exploitation of Meteorological Satellites (EUMETSAT), 

Indian Space Research Organisation (ISRO), Japan Aerospace Exploration 

Agency (JAXA). IOCCG Report Series, 17.  

[41] Grimaldi, S., Li, Y., Walker, J. P., Pauwels, V. R. N., 2018. Effective Representation 

of River Geometry in Hydraulic Flood Forecast Models. Water Resour. Res., 

54(2), 1031–1057. DOI: 10.1002/2017WR021765 

[42] Ha, L. T., Bastiaanssen, W. G. M., van Griensven, A., van Dijk, A. I. J. M., Senay, G. 

B., 2018. Calibration of spatially distributed hydrological processes and model 

parameters in SWAT using remote sensing data and an auto-calibration 

procedure: A case study in a Vietnamese river basin. Water, 10(2). Available 

online: DOI: 10.3390/w10020212 

[43] Harley, P., Samanta, S., 2018. Modeling of inland flood vulnerability zones through 

remote sensing and GIS techniques in the highland region of Papua New 

Guinea. Appl. Geomat., 10(2), 159–171. DOI: 10.1007/s12518-018-0220-8 

[44] He, X., Pan, M., Wei, Z., Wood, E. F., Sheffield, J., 2020. A global drought and flood 

catalogue from 1950 to 2016.  Bull. Am. Meteorol. Soc., 101(5), E508–E535. DOI: 

10.1175/BAMS-D-18-0269.1 



 

47 

 

[45] Heinilä, K., Mattila, O. P., Metsämäki, S., Väkevä, S., Luojus, K., Schwaizer, G., 

Koponen, S., 2021. A novel method for detecting lake ice cover using optical 

satellite data. Int. J. Appl. Earth Obs. Geoinf., 104. Available online, DOI: 

10.1016/j.jag.2021.102566 

[46] Hiep, N. H., Luong, N. D., Viet Nga, T. T., Hieu, B. T., Thuy Ha, U. T., du Duong, B., 

Long, V. D., Hossain, F., Lee, H., 2018. Hydrological model using ground- and 

satellite-based data for river flow simulation towards supporting water 

resource management in the Red River Basin, Vietnam. J. Environ. Manag., 217, 

346–355. DOI: 10.1016/j.jenvman.2018.03.100 

[47] Hostache, R., Rains, D., Mallick, K., Chini, M., Pelich, R., Lievens, H., Fenicia, F., 

Corato, G., Verhoest, N. E. C., Matgen, P., 2020. Assimilation of Soil Moisture 

and Ocean Salinity (SMOS) brightness temperature into a large-scale distributed 

conceptual hydrological model to improve soil moisture predictions: The 

Murray–Darling basin in Australia as a test case. Hydrol Earth Syst Sci., 24(10), 

4793–4812. DOI: 10.5194/hess-24-4793-2020 

[48] Hou, J., van Dijk, A. I. J. M., Beck, H. E., 2020. Global satellite-based river gauging 

and the influence of river morphology on its application. Remote Sens. Environ., 

239. Available online, DOI: 10.1016/j.rse.2019.111629 

[49] Islam, M. M., Ujiie, K., Noguchi, R., Ahamed, T., 2022. Flash flood-induced 

vulnerability and need assessment of wetlands using remote sensing, GIS, and 

econometric models. Remote Sens. Appl.: Soc. Environ., 25. Available online, 

DOI: 10.1016/j.rsase.2021.100692 

[50] Jaiswal, R., Yadav, R., Lohani, A. K., Tiwari, H.l., Yadav, S., 2020. Water balance 

modeling of Tandula (India) reservoir catchment using SWAT. Arab. J. Geosci., 

13. Available online, DOI: 10.1007/s12517-020-5092-7 

[51] Jiang, L., Madsen, H., Bauer-Gottwein, P., 2019. Simultaneous calibration of 

multiple hydrodynamic model parameters using satellite altimetry observations 



 

48 

 

of water surface elevation in the Songhua River. Remote Sens. Environ., 225, 

229–247. DOI: 10.1016/j.rse.2019.03.014 

[52] Jiang, L., Wu, H., Tao, J., Kimball, J. S., Alfieri, L., Chen, X., 2020. Satellite-based 

evapotranspiration in hydrological model calibration. Remote Sens., 12(3). 

Available online, DOI: 10.3390/rs12030428 

[53] Jin, X., Jin, Y., 2020. Calibration of a distributed hydrological model in a data-scarce 

basin based on GLEAM datasets. Water (Switz.), 12(3). Available online, DOI: 

10.3390/w12030897 

[54] Kaku, K., 2019. Satellite remote sensing for disaster management support: A 

holistic and staged approach based on case studies in Sentinel Asia. Int. J. 

Disaster Risk Reduct., 33, 417–432. DOI: 10.1016/j.ijdrr.2018.09.015 

[55] Khan, I., Arsalan, M., Ghazal, L., Siddiqui, M., Mehdi, M., Zia, I., Salam, I., 2018. 

Satellite based assessment of soil moisture and associated factors for 

vegetation cover: A case study of Pakistan and adjoining regions. Pak.J.Bot., 

50(2), 699-709. 

[56] Khan, M. S., Jeong, J., Choi, M., 2021. An improved remote sensing-based approach 

for predicting actual Evapotranspiration by integrating LiDAR. Adv. in Space 

Res., 68(4), 1732–1753. DOI: 10.1016/j.asr.2021.04.017 

[57] Kheimi, M., 2022. SCS Curve Number to Model Flooding in the Upper St. Johns 

River Using Retrieved Remotely Sensed Precipitation from NEXRAD, and TRMM. 

Proceedings of the 3rd International Conference on Green Environmental 

Engineering and Technology, Lecture Notes in Civil Engineering, 214, 181–193. 

DOI: 10.1007/978-981-16-7920-9_21 

[58] Konapala, G., Kumar, S. v., Khalique Ahmad, S., 2021. Exploring Sentinel-1 and 

Sentinel-2 diversity for flood inundation mapping using deep learning. ISPRS J. 

Photogramm. Remote Sens., 180, 163–173. DOI: 

10.1016/j.isprsjprs.2021.08.016 



 

49 

 

[59] Koppa, A., Gebremichael, M., Zambon, R. C., Yeh, W. W. G.,  Hopson, T. M., 2019. 

Seasonal Hydropower Planning for Data-Scarce Regions Using Multimodel 

Ensemble Forecasts, Remote Sensing Data, and Stochastic Programming. Water 

Resour. Res., 55(11), 8583–8607. DOI: 10.1029/2019WR025228 

[60] Kubáň, M., Brziak, A., 2020. Soil moisture simulation in selected austrian 

catchements with use of the tuw conceptual semi-distributed rainfall runoff 

model. IOP Conf. Ser.: Earth Environ. Sci., 609(1). Available online, DOI: 

10.1088/1755-1315/609/1/012031 

[61] Laiolo, P., Gabellani, S., Campo, L., Silvestro, F., Delogu, F., Rudari, R., Pulvirenti, L., 

Boni, G., Fascetti, F., Pierdicca, N., Crapolicchio, R., Hasenauer, S., Puca, S., 2016. 

Impact of different satellite soil moisture products on the predictions of a 

continuous distributed hydrological model. Int. J. Appl. Earth Obs. Geoinf., 48, 

131-145. DOI: 10.1016/j.jag.2015.06.002 

[62] Lakew, H. B., Moges, S. A., Asfaw, D. H., 2020. Hydrological performance evaluation 

of multiple satellite precipitation products in the upper Blue Nile basin, 

Ethiopia. J. Hydrol. Reg. Stud., 27. Available online, DOI: 

10.1016/j.ejrh.2020.100664 

[63] Li, M., Zhang, T., Tu, Y., Ren, Z., Xu, B., 2022. Monitoring Post-Flood Recovery of 

Croplands Using the Integrated Sentinel-1/2 Imagery in the Yangtze-Huai River 

Basin. Remote Sensing, 14(3), 690. DOI: 10.3390/rs14030690 

[64] Liu, Y., Liu, H., Wang, L., Xu, M., Cohen, S., & Liu, K., 2021. Derivation of spatially 

detailed lentic habitat map and inventory at a basin scale by integrating 

multispectral Sentinel-2 satellite imagery and USGS Digital Elevation Models. J. 

of Hydrol., 603. Available online, DOI: 10.1016/j.jhydrol.2021.126876 

[65] Lopez, T., al Bitar, A., Biancamaria, S., Güntner, A., Jäggi, A., 2020. On the Use of 

Satellite Remote Sensing to Detect Floods and Droughts at Large Scales. Surv. 

Geophys., 41(6), 1461–1487. DOI: 10.1007/s10712-020-09618-0 



 

50 

 

[66] Mao, R., Wang, L., Zhou, J., Li, X., Qi, J., Zhang, X. (2019). Evaluation of various 

precipitation products using ground-based discharge observation at the Nujiang 

River basin, China. Water, 11(11), 2308 

[67] Mohammed, I. N., Bolten, J. D., Srinivasan, R., Lakshmi, V., 2018. Satellite 

observations and modeling to understand the Lower Mekong River Basin 

streamflow variability. J. of Hydrol., 564, 559–573. DOI: 

10.1016/j.jhydrol.2018.07.030 

[68] Munawar, H. S., Hammad, A. W. A., Waller, S. T., 2022. Remote Sensing Methods 

for Flood Prediction: A Review. Sens., 22(3). Available online, DOI: 

10.3390/s22030960 

[69] Muneer, A. S., Sayl, K. N., Kamal, A. H., 2021. Modeling of spatially distributed 

infiltration in the Iraqi Western Desert. Appl. Geomat., 13(3), 467–479. DOI: 

10.1007/s12518-021-00363-6 

[70] Munzimi, Y. A., Hansen, M. C., Asante, K. O., 2019. Estimating daily streamflow in 

the Congo Basin using satellite-derived data and a semi-distributed hydrological 

model. Hydrol. Sci. J., 64(12), 1472–1487. DOI: 

10.1080/02626667.2019.1647342 

[71] Netzer, M. S., Sidman, G., Pearson, T. R. H., Walker, S. M., Srinivasan, R., 2019. 

Combining global remote sensing products with hydrological modeling to 

measure the impact of tropical forest loss on water-based ecosystem services. 

Forests, 10(5). Available online, DOI: 10.3390/f10050413 

[72] Nunchhani, V., Bandyopadhyay, A., Bhadra, A., 2021. Spatiotemporal Variability in 

Snow Parameters from MODIS Data Using Spatially Distributed Snowmelt 

Runoff Model (SDSRM): A Case Study in Dibang Basin, Arunachal Pradesh. J. 

Indian Soc. Remote Sens., 49(2), 325–340. DOI: 10.1007/s12524-020-01215-3 

[73] Oubanas, H., Gejadze, I., Malaterre, P. O., Mercier, F., 2018. River discharge 

estimation from synthetic SWOT-type observations using variational data 



 

51 

 

assimilation and the full Saint-Venant hydraulic model. J. Hydrol., 559, 638–647. 

DOI: 10.1016/j.jhydrol.2018.02.004 

[74] Pan, S., Liu, L., Bai, Z., Xu, Y. P., 2018. Integration of remote sensing 

evapotranspiration into multi-objective calibration of distributed hydrology-

soil-vegetation model (DHSVM) in a humid region of China. Water (Switz.), 

10(12). Available online, DOI: 10.3390/w10121841 

[75] Pangali Sharma, T. P., Zhang, J., Koju, U. A., Zhang, S., Bai, Y., Suwal, M. K., 2019. 

Review of flood disaster studies in Nepal: A remote sensing perspective. Int. J. 

Disaster Risk Reduct., 34, 18–27. DOI: 10.1016/j.ijdrr.2018.11.022 

[76] Pakoksung, K., Takagi, M. (2021). Effect of DEM sources on distributed hydrological 

model to results of runoff and inundation area. Modeling Earth Systems and 

Environment, 7(3), 1891-1905 

[77] Parisay, Z., Sheikh, V., Bahremand, A., Komaki, C. B., Abdollahi, K., 2019. An 

Approach for Estimating Monthly Curve Number Based on Remotely-Sensed 

MODIS Leaf Area Index Products. Water Resour. Manag., 33(8), 2955–2972. 

DOI: 10.1007/s11269-019-02279-8 

[78] Patel, A., Goswami, A., Dharpure, J. K., Thamban, M., Sharma, P., Kulkarni, A. v., 

Oulkar, S., 2021. Estimation of mass and energy balance of glaciers using a 

distributed energy balance model over the Chandra river basin (Western 

Himalaya). Hydrol. Process., 35(2). Available online, DOI: 10.1002/hyp.14058 

[79] Poméon, T., Diekkrüger, B., Springer, A., Kusche, J., Eicker, A., 2018. Multi-objective 

validation of SWAT for sparsely-gauged West African river basins - A remote 

sensing approach. Water, 10(4). Available online, DOI: 10.3390/w10040451 

[80] Puno, G. R., Puno, R. C. C., & Maghuyop, I. v., 2022. Flood hazard simulation and 

mapping using digital elevation models with different resolutions. Glob. J. 

Environ. Sci. Manag., 8(3), 339–352. DOI: 10.22034/gjesm.2022.03.04 



 

52 

 

[81] Qi, W., Zhang, C., Fu, G., Sweetapple, C., Zhou, H., 2016. Evaluation of global fine-

resolution precipitation products and their uncertainty quantification in 

ensemble discharge simulations. Hydrol. Earth Syst. Science, 20, 903-920. DOI: 

10.5194/hess-20-903-2016 

[82] Rajib, A., Evenson, G. R., Golden, H. E., Lane, C. R., 2018. Hydrologic model 

predictability improves with spatially explicit calibration using remotely sensed 

evapotranspiration and biophysical parameters. J. Hydrol., 567, 668–683. DOI: 

10.1016/j.jhydrol.2018.10.024 

[83] Rateb, A., Scanlon, B. R., Kuo, C. Y., 2021. Multi-decadal assessment of water 

budget and hydrological extremes in the Tigris-Euphrates Basin using satellites, 

modeling, and in-situ data. Sci. Total Environ., 766. Available online, DOI: 

10.1016/j.scitotenv.2020.144337 

[84] Sadiq, R., Akhtar, Z., Imran, M., Ofli, F., 2022. Integrating remote sensing and social 

sensing for flood mapping.  Remote Sens. Appl.: Soc. Environ., 25. Available 

online, DOI: 10.1016/j.rsase.2022.100697 

[85] Sajjad, A., Lu, J., Chen, X., Chisenga, C., Mazhar, N., & Nadeem, B., 2022. Riverine 

flood mapping and impact assessment using remote sensing technique: a case 

study of Chenab flood-2014 in Multan district, Punjab, Pakistan. Nat. Hazards, 

110(3), 2207–2226. DOI: 10.1007/s11069-021-05033-9 

[86] Salamanca, A. J. A., Navarro-Cerrillo, R. M., Bonet-García, F. J., Pérez-Palazón, M. 

J., Polo, M. J., 2019. Integration of a Landsat time-series of NBR and hydrological 

modeling to assess Pinus pinaster Aiton. Forest defoliation in south-eastern 

Spain. Remote Sens., 11(19). Available online, DOI: 10.3390/rs11192291 

[87] Sansare, D. A., Mhaske, S. Y., 2020. Natural hazard assessment and mapping using 

remote sensing and QGIS tools for Mumbai city, India. Nat Hazards, 100(3), 

1117–1136. DOI: 10.1007/s11069-019-03852-5 



 

53 

 

[88] Saran, S., Sterk, G., Aggarwal, S. P., Dadhwal, V. K., 2021. Coupling Remote Sensing 

and GIS with KINEROS2 Model for Spatially Distributed Runoff Modeling in a 

Himalayan Watershed. J. Indian Soc. Remote Sens., 49(5), 1121–1139. DOI: 

10.1007/s12524-020-01295-1 

[89] Saravi, S., Kalawsky, R., Joannou, D., Casado, M. R., Fu, G., Meng, F., 2019. Use of 

artificial intelligence to improve resilience and preparedness against adverse 

flood events. Water (Switz.), 11(5). Available online, DOI: 10.3390/w11050973 

[90] Sarker, M. N. I., Peng, Y., Yiran, C., Shouse, R. C., 2020. Disaster resilience through 

big data: Way to environmental sustainability. Int. J. of Disaster Risk Reduct., 51. 

Available online: DOI: 10.1016/j.ijdrr.2020.101769 

[91] Schattan, P., Baroni, G., Oswald, S. E., Schöber, J., Fey, C., Kormann, C., Huttenlau, 

M., Achleitner, S., 2017. Continuous monitoring of snowpack dynamics in alpine 

terrain by aboveground neutron sensing. Water Resour. Res., 53(5), 3615–3634. 

DOI: 10.1002/2016WR020234 

[92] Senkondo, W., Munishi, S. E., Tumbo, M., Nobert, J., Lyon, S. W., 2019. Comparing 

remotely-sensed surface energy balance evapotranspiration estimates in 

heterogeneous and data-limited regions: A case study of Tanzania’s Kilombero 

Valley. Remote Sens., 11(11). Available online, DOI: 10.3390/rs11111289 

[93] Shahadha Muneer, A., Khamis, Sayl, N., Ammar, Kamal, H., 2021. Modeling of 

spatially distributed infiltration in the Iraqi Western Desert. Appl. Geomat., 

13(3), 467–479. DOI: 10.1007/s12518-021-00363-6 

[94] Shin, Y., Mohanty, B. P., Ines, A. V. M., 2018. Development of non-parametric 

evolutionary algorithm for predicting soil moisture dynamics. J. Hydrol., 564, 

208–221. DOI: 10.1016/j.jhydrol.2018.07.003 

[95] Singh, L., Saravanan, S., 2020. Evaluation of various spatial rainfall datasets for 

streamflow simulation using SWAT model of Wunna basin, India. I. J. of River 

Basin Management, 1-10. 



 

54 

 

[96] Siqueira, V., Cauduro Dias de Paiva, R., Fleischmann, A., Fan, F., Ruhoff, A., Pontes, 

P., Paris, A., Calmant, S., Collischonn, W., 2018. Toward continental hydrologic–

hydrodynamic modeling in South America. Hydrol. Earth Syst. Sci. Discuss., 1-

50. DOI: 10.5194/hess-2018-225 

[97] Soltani, S. S., Ataie-Ashtiani, B., Simmons, C. T., 2021. Review of assimilating GRACE 

terrestrial water storage data into hydrological models: Advances, challenges 

and opportunities. Earth-Sci. Rev., 213. Available online, DOI: 

10.1016/j.earscirev.2020.103487 

[98] Stoleriu, C. C., Urzica, A., Mihu-Pintilie, A., 2020. Improving flood risk map accuracy 

using high-density LiDAR data and the HEC-RAS river analysis system: A case 

study from north-eastern Romania. J. Flood Risk Manag., 13(S1). Available 

online, DOI: 10.1111/jfr3.12572 

[99] Sun, W., Ma, J., Yang, G., Li, W., 2018. Statistical and hydrological evaluations of 

multi-satellite precipitation products over Fujiang River Basin in humid 

southeast China. Remote Sens., 10(12). Available online, DOI: 

10.3390/rs10121898 

[100] Tao, J., Barros, A. P., 2019. Multi-year surface radiative properties and vegetation 

parameters for hydrologic modeling in regions of complex terrain - 

Methodology and evaluation over the Integrated Precipitation and Hydrology 

Experiment 2014 domain. J. Hydrol.: Reg. Stud., 22. Available online, DOI: 

10.1016/j.ejrh.2019.100596 

[101] Teluguntla, P., Ryu, D., George, B., Walker, J. P., 2020. Impact of flooded rice 

paddy on remotely sensed evapotranspiration in the Krishna River basin, India. 

Hydrol. Process., 34(10), 2190–2199. DOI: 10.1002/hyp.13748 

[102] Twumasi, Y. A., Shao, Z., Orhan A., 2019. Remote Sensing and GIS Methods in 

Urban Disaster Monitoring and Management - An Overview. International 

Journal of Trend in Scientific Research and Development (IJTSRD), 3(4), 918–926.  



 

55 

 

[103] Twumasi, Y. A., Merem, E. C., Namwamba, J. B., Okwemba, R., Ayala-Silva, T., 

Abdollahi, K., Lukongo, O. E. ben, Tate, J., Cour-Conant, K., Akinrinwoye, C. O., 

2020. Use of GIS and Remote Sensing Technology as a Decision Support Tool in 

Flood Disaster Management: The Case of Southeast Louisiana, USA. J. Geogr. 

Inf. Syst., 12(2), 141–157. DOI: 10.4236/jgis.2020.122009 

[104] Varouchakis, E. A., Kamińska-Chuchmała, A., Kowalik, G., Spanoudaki, K., Graña, 

M., 2021. Combining geostatistics and remote sensing data to improve 

spatiotemporal analysis of precipitation. Sens., 21(9). Available online, DOI: 

10.3390/s21093132 

[105] Vuyovich, C. M., Jacobs, J. M., Hiemstra, C. A., Deeb, E. J., 2017. Effect of spatial 

variability of wet snow on modeled and observed microwave emissions. 

Remote Sens. Environ., 198, 310–320. DOI: 10.1016/j.rse.2017.06.016 

[106] Wayand, N. E., Marsh, C. B., Shea, J. M., Pomeroy, J. W., 2018. Globally scalable 

alpine snow metrics. Remote Sens. Environ., 213, 61–72. DOI: 

10.1016/j.rse.2018.05.012 

[107] Wirion, C., Bauwens, W., Verbeiren, B., 2019. Using remote sensing-based 

metrics to quantify the hydrological response in a city. Water (Switz.), 11(9). 

Available online, DOI: 10.3390/w11091763 

[108] Xing, L., Niu, Z., Jiao, C., Zhang, J., Han, S., Cheng, G., Wu, J., 2022. A Novel 

Workflow for Seasonal Wetland Identification Using Bi-Weekly Multiple 

Remote Sensing Data. Remote Sens., 14(4), 1037. DOI: 10.3390/rs14041037 

[109] Yang, K., Musselman, K. N., Rittger, K., Margulis, S. A., Painter, T. H., Molotch, N. 

P., 2022. Combining ground-based and remotely sensed snow data in a linear 

regression model for real-time estimation of snow water equivalent. Adv. 

Water Resour., 160. Available online, DOI: 10.1016/j.advwatres.2021.104075 



 

56 

 

[110] Younis, S. M. Z., Majid, M., Ammar, A., 2017. Satellite-based rainfall estimation 

and discharge measurement of Middle Indus River, Pakistan. Arab. J. of Geosci., 

10(18). Available online, DOI: 10.1007/s12517-017-3192-9 

[111] Yu, Q., Wang, S., He, H., Yang, K., Ma, L., Li, J., 2021. Reconstructing GRACE-like 

TWS anomalies for the Canadian landmass using deep learning and land surface 

model. Int. J. Appl. Earth Obs. Geoinf., 102. Available online, DOI: 

10.1016/j.jag.2021.102404 

[112] Zhang, L., Zhao, Y., Ma, Q., Wang, P., Ge, Y., Yu, W., 2021. A parallel computing-

based and spatially stepwise strategy for constraining a semi-distributed 

hydrological model with streamflow observations and satellite-based 

evapotranspiration. J. of Hydrol., 599. Available online, DOI: 

10.1016/j.jhydrol.2021.126359 

[113] Zhang, Y., Hou, J., Gu, J., Huang, C., Li, X., 2017. SWAT-Based Hydrological Data 

Assimilation System (SWAT-HDAS): Description and Case Application to River 

Basin-Scale Hydrological Predictions. J. Adv. in Model. Earth Syst., 9(8), 2863–

2882. DOI: 10.1002/2017MS001144 

[114] Zorigt, M., Myagmar, K., Orkhonselenge, A., van Beek, E., Kwadijk, J., Tsogtbayar, 

J., Yamkhin, J., Dechinlkhundev, D., 2020. Modeling permafrost distribution 

over the river basins of Mongolia using remote sensing and analytical 

approaches. Environ. Earth Sci., 79(12). Available online, DOI: 10.1007/s12665-

020-09055-7 

 
  



 

57 

 

Annexes 
Annex 1 
 
1.1. Water quality  

Survey for end-users, stakeholders and decision makers about the use of 
Copernicus Remote Sensing data for modelling inland water  

Water-ForCE is a EU Horizon 2020 Coordination and Support Action (2021-2023) dedicated to 
developing a roadmap for the water component for the future Copernicus services. Our goal is 
to address the current disconnects between Remote Sensing and in situ observation research, 
deliver clarity in terms of the needs and expectations of the public and private sectors of the 
core Copernicus Program and the wider research and business innovation opportunities. Work 
Package 5 of the project aims to explore what are the needs for modelling water systems and 
aquatic environments when using satellite EO data and improving the interaction with the water 
modelling community even if they are not using Copernicus EO. We are kindly asking for your 
input with the present survey about the use of Copernicus Remote Sensing data for modelling 
inland water – water quantity. The survey has 3 parts (intro, current use, future needs). It will 
take max 15 minutes of your time, and will help us identifying the needs of Copernicus Services 
for modelling. Thank you for taking the time to answer the survey questions. 

Intro Data 

● In which organisation are you working? 

o academia 
o water management 
o research institute 
o consultancy 
o others (Please specify) ............................................. 

● What is the name of your organisation? (optional) …………………………………………. 

● What is your position in the organisation you are working in? (Please select up to three 
options) 
 
o researcher 
o decision maker 
o policy advisor 
o data specialist 
o modeller 
o others (Please specify) ................................................ 
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Current Use of Copernicus Remote Sensing Data 

INFO: Copernicus data = (Remote Sensing + Derived data from RS) services 
• Do you use any type of Remote Sensing Data? Yes/No 

(If the answer is Not)  
o Could you please elaborate briefly why not? 

(If the answer is Yes, the following set of questions will appear)  
 
• What Copernicus service(s) are you using in your work? (Please mention the 2 ones mostly 
used)  
 

o Atmosphere  
o Marine  
o Land  
o Security  
o Climate Change  
o Emergency 

 
• How many years of experience do you have in using Copernicus EO for modelling? 

o < 2 years  
o 2 – 5 years  
o 5 – 10 years  
o > 10 years  

 
For the following statements please select what is applicable for you. 
 
• Copernicus data portals are easy to find 

 
(1) (2) (3) (4) (5)  

Totally 
disagree 

   Totally agree I do not 
know 

 
• Copernicus data are accessible 

 
(1) (2) (3) (4) (5)  

Totally 
disagree 

   Totally agree I do not 
know 

 
• Copernicus data are easy to use for modelling 

 
(1) (2) (3) (4) (5)  

Totally 
disagree 

   Totally agree I do not 
know 

Remarks: Please provide any feedback you might have: 



 

59 

 

• What parameters are you using in your work? Please mention only the 3 most often 
used. 

 

 SPATIAL 
RESOLUTION 

TEMPORAL 
RESOLUTION 

 
Copernicus Marine (CMEMS) 

Chlorophyll-a (Chla) • 200 × 200 m • Annual 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

 • 500 × 500 m 
 • 2 × 2 km 
 • 10 × 10 km 
 • Others 
 ......................... 
  

Phytoplankton Absorption 
Coefficient (aphy) 

• 200 × 200 m 
• 500 × 500 m 

• Annual 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

 • 2 × 2 km 
 • 10 × 10 km 
 • Others 
 ........................... 
  
 Total Absorption Coefficient (atot) • 200 × 200 m 

• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annual 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Coloured Dissolved Matter (CDM) • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annual 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Suspended Particulate Matter (SPM) • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annual 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 
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Diffuse Attenuation Coefficient (Kd) • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Sea Surface Temperature (SST) • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Particulate Backscattering Coefficient 
(Bbp) 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Secchi Disk Depth (ZSD) • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Remote Sensing Reflectances (Rrs) • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 
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Copernicus Global Land Service (CGLS) & Climate Change Service (C3S) 

 
Lake Surface Water Temperature 
(LSWT) 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 

... 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

 
Trophic State Index 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 

... 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

 
Turbidity 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Water leaving reflectance • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Mass concentration of chlorophyll-a • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Remote Sensing reflectance • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 

• Annually 
• Monthly 
• Daily 
• Hourly 
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• How are the previous parameters used? (Please select as many as used) 
 

o modelling inputs (hydrological, hydraulic models etc) 
o to compare to modelling outputs for calibration and/or validation 
o input to empirical predictions (monitoring/predicting extreme events – floods and 

droughts, etc) for decision making 
o others (please specify) ……………………………………………………… 

 
  

 • Others 
............................... 
 

• Others 
.................................. 

others (please specify) 
................................................................. 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

others (please specify) 
................................................................. 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

others (please specify) 
................................................................. 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

 •  •  
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Current needs for Copernicus data services for modelling: 
 
• Which are the main limitations and gaps you can highlight? (Please select up to 4 most 
important ones) 
 

o difficulties in processing/interpreting the data by the non-specialists 
(validation, data format, etc) 

o data quality (as compared with in-situ data) 
o reliability of the data (regular, consistent availability) 
o insufficient temporal resolution 
o insufficient spatial resolution 
o insufficient temporal coverage 
o insufficient spatial coverage 
o data latency (delayed availability) 
o others (please specify) ........................... 

 
• Please state your interest for the following options of improved Copernicus Data 

Services. 
 Not 

important 
Not very 

important 
Important Very 

important 
Extremely 
important 

Not applicable 

1. Higher spatial 
coverage 

      

2. Processing, 
interpreting the 
data by the non-
specialists 

      

3. Remote 
Sensing data 
reliability 

      

4. Remote 
Sensing data 
quality 

      

5. Higher update 
frequency 

      

6. Higher spatial 
resolution 

      

7. Higher 
temporal 
resolution 
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• What would be your preferred spatial and/or temporal resolution and update 
frequency for Copernicus Data Services? 

 
 SPATIAL 

RESOLUTION 
TEMPORAL 

RESOLUTION 
UPDATE 

FREQUENCY 

 
Copernicus Marine (CMEMS) 

Chlorophyll-a (Chla) • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Phytoplankton Absorption 
Coefficient (aphy) 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Total Absorption Coefficient 
(atot) 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Coloured Dissolved Matter 
(CDM) 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Suspended Particulate Matter 
(SPM) 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 
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Diffuse Attenuation Coefficient 
(Kd) 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Sea Surface Temperature (SST) • 50 × 50 m • Daily • Monthly 

 • 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Hourly 
• Others 

........................... 

• Daily 
• Others 

............................. 

Particulate Backscattering 
Coefficient (Bbp) 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Secchi Disk Depth (ZSD) • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Remote Sensing Reflectances 
(Rrs) 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

 
Copernicus Global Land Service (CGLS) & Climate Change Service (C3S) 

 
Lake Surface Water Temperature 
(LSWT) 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 
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Trophic State Index 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

 
Turbidity 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Water leaving reflectance • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

 • Others 
........................... 

  

Mass concentration of 
chlorophyll-a 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Remote Sensing reflectance • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

others (please specify) 
................................................................. 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

others (please specify) 
................................................................. 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 
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others (please specify) 
................................................................. 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

• New water quality products, as listed below, are developed by Copernicus. What 
would be your ideal spatial, temporal resolution and update frequency for them? 

 SPATIAL 
RESOLUTION 

TEMPORAL 
RESOLUTION 

UPDATE 
FREQUENCY 

Water primary production • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Total Nitrogen • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Total Phosphorus • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Dissolved organic carbon 
. 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Partial pressure of CO2 or CO2 
concentration 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 
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1.2. Water quantity  

Survey for end-users, stakeholders and decision makers about the use of 
Copernicus Remote Sensing data for modelling inland water  

Water-ForCE is a EU Horizon 2020 Coordination and Support Action (2021-2023) dedicated to 
developing a roadmap for the water component for the future Copernicus services. Our goal is 
to address the current disconnects between Remote Sensing and in situ observation research, 
deliver clarity in terms of the needs and expectations of the public and private sectors of the 
core Copernicus Program and the wider research and business innovation opportunities. Work 
Package 5 of the project aims to explore what are the needs for modelling water systems and 
aquatic environments when using satellite EO data and improving the interaction with the water 
modelling community even if they are not using Copernicus EO. We are kindly asking for your 
input with the present survey about the use of Copernicus Remote Sensing data for modelling 
inland water – water quantity. The survey has 3 parts (intro, current use, future needs). It will 
take max 15 minutes of your time, and will help us identifying the needs of Copernicus Services 
for modelling. Thank you for taking the time to answer the survey questions. 

Intro Data 

● In which organisation are you working? 

o academia 
o water management 
o research institute 
o consultancy 
o others (Please specify) ............................................. 

● What is the name of your organisation? (optional) …………………………………………. 

● What is your position in the organisation you are working in? (Please select up to three 
options) 
 
o researcher 
o decision maker 
o policy advisor 
o data specialist 
o modeller 
o others (Please specify) ................................................ 

Current Use of Copernicus Remote Sensing Data 

INFO: Copernicus data = (Remote Sensing + Derived data from RS) services 
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• Do you use any type of Remote Sensing Data? Yes/No 
(If the answer is Not)  

o Could you please elaborate briefly why not? 
(If the answer is Yes, the following set of questions will appear)  
 
• What Copernicus service(s) are you using in your work? (Please mention the 2 ones mostly 
used)  
 

o Atmosphere  
o Marine  
o Land  
o Security  
o Climate Change  
o Emergency 

 
• How many years of experience do you have in using Copernicus EO for modelling? 

o < 2 years  
o 2 – 5 years  
o 5 – 10 years  
o > 10 years  

 
For the following statements please select what is applicable for you. 
• Copernicus data portals are easy to find 

 
(1) (2) (3) (4) (5)  

Totally 
disagree 

   Totally agree I do not 
know 

 
• Copernicus data are accessible 

 
(1) (2) (3) (4) (5)  

Totally 
disagree 

   Totally agree I do not 
know 

 
• Copernicus data are easy to use for modelling 

 
(1) (2) (3) (4) (5)  

Totally 
disagree 

   Totally agree I do not 
know 

 
Remarks: Please provide any feedback you might have 
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• What parameters are you using in your work? Please mention only the 3 most often 
used. 

 
 

 SPATIAL 
RESOLUTION 

TEMPORAL 
RESOLUTION 

 
Copernicus Marine (CMEMS) 

Precipitation • 200 × 200 m • Annual 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

 • 500 × 500 m 
 • 2 × 2 km 
 • 10 × 10 km 
 • Others 
          ......................... 
  

Soil moisture • 200 × 200 m 
• 500 × 500 m 

• Annual 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

 • 2 × 2 km 
 • 10 × 10 km 
 • Others 
         ........................... 
  

Evapotranspiration • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annual 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Surface runoff • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annual 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 
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River discharge • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annual 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Flood extent • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Inland water temperature • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Land use/Land cover • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Land surface temperature • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Air temperature • 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 
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Bathymetry 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 

... 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

 
DEM 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 

... 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

 
Water levels (lakes and rivers) 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Other (please specify)  
 
…………………………………………………. 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Other (please specify) 
 
…………………………………………………. 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

Other (please specify) 
 
…………………………………………………. 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 

• Annually 
• Monthly 
• Daily 
• Hourly 

 • Others 
............................... 
 

• Others 
.................................. 
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others (please specify) 
................................................................. 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

others (please specify) 
................................................................. 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

others (please specify) 
................................................................. 

• 200 × 200 m 
• 500 × 500 m 
• 2 × 2 km 
• 10 × 10 km 
• Others 

............................... 
 

• Annually 
• Monthly 
• Daily 
• Hourly 
• Others 

.................................. 

 
• How are the previous parameters used? (Please select as many as used) 

o modelling inputs (hydrological, hydraulic models etc) 
o to compare to modelling outputs for calibration and/or validation 
o input to empirical predictions (monitoring/predicting extreme events – floods and 

droughts, etc) for decision making 
o others (please specify) ……………………………………………………… 

 
Current needs for Copernicus data services for modelling: 
 
• Which are the main limitations and gaps you can highlight? (Please select up to 4 most 
important ones) 

o difficulties in processing/interpreting the data by the non-specialists 
(validation, data format, etc) 

o data quality (as compared with in-situ data) 
o reliability of the data (regular, consistent availability) 
o insufficient temporal resolution 
o insufficient spatial resolution 
o insufficient temporal coverage 
o insufficient spatial coverage 
o data latency (delayed availability) 
o others (please specify) ........................ 
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• Please state your interest for the following options of improved Copernicus Data 
Services. 

 Not 
important 

Not very 
important 

Important Very 
important 

Extremely 
important 

Not applicable 

1. Higher spatial 
coverage 

      

2. Processing, 
interpreting the 
data by the non-
specialists 

      

3. Remote 
Sensing data 
reliability 

      

4. Remote 
Sensing data 
quality 

      

5. Higher update 
frequency 

      

6. Higher spatial 
resolution 

      

7. Higher 
temporal 
resolution 

      

 
• What would be your preferred spatial and/or temporal resolution and update 

frequency for Copernicus Data Services? 
 

 SPATIAL 
RESOLUTION 

TEMPORAL 
RESOLUTION 

UPDATE 
FREQUENCY 

precipitation • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

soil moisture • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 
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evapotranspiration • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

surface runoff • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

river discharge • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

flood extent • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

inland water temperature • 50 × 50 m • Daily • Monthly 

 • 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Hourly 
• Others 

........................... 

• Daily 
• Others 

............................. 

land use/ land cover • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Land surface temperature • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 
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air temperature • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

 
bathymetry 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

 
DEM 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

 
Water levels (lakes and rivers) 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

 
 
…………………………………………… 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

 • Others 
........................... 

  

 
 
…………………………………………… 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

 
 
…………………………………………… 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 
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…………………………………………… 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

 
 
…………………………………………… 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

 
 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

 
• New water quality products, as listed below, are developed by Copernicus. What 

would be your ideal spatial, temporal resolution and update frequency for them? 
 

 SPATIAL 
RESOLUTION 

TEMPORAL 
RESOLUTION 

UPDATE 
FREQUENCY 

Water primary production • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Total Nitrogen • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 
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Total Phosphorus • 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Dissolved organic carbon 
. 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

Partial pressure of CO2 or CO2 
concentration 

• 50 × 50 m 
• 100 × 100 m 
• 200 × 200 m 
• 1 x 1 km 
• Others 

........................... 

• Daily 
• Hourly 
• Others 

........................... 

• Monthly 
• Daily 
• Others 

............................. 

 
 

• Please write any other comment or observation you think is important for this needs 
assessment  
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Annex 2 
 

2.1. List of reviewed journals 
 

• Advances in Space Research 
• Advances in Water Resources 
• Applied Geomatics 
• Bulletin of the American Meteorological Society 
• Cryosphere 
• Earth-Science Reviews 
• Egyptian Journal of Remote Sensing and Space Science 
• Environmental Earth Sciences 
• Environmental Remote Sensing and GIS in Iraq, Springer Water, Springer 

Nature Switzerland AG 2020 
• EOMORES white paper 
• Forests 
• Geoderma 
• Geosciences 
• Global Journal of Environmental Science and Management 
• Hydrological Processes 
• Hydrological Sciences Journal 
• Hydrology and Earth System Sciences 
• Hydrology Research 
• Hydrology SAF. Időjárás 
• International Journal of Applied Earth Observation and Geoinformation 
• International Journal of Disaster Risk Reduction 
• International Journal of Information Management 
• International Journal of Trend in Scientific Research and Development (IJTSRD) 
• IOCCG Report Series 
• IOP Conference Series: Earth and Environmental Science 
• ISPRS Journal of Photogrammetry and Remote Sensing, 
• Journal of Advances in Modeling Earth Systems 
• Journal of African Earth Sciences 
• Journal of Environmental Management 
• Journal of Flood Risk Management 
• Journal of Geographic Information System 
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• Journal of Geosciences 
• Journal of Hydroinformatics 
• Journal of Hydrology 
• Journal of Hydrology: Regional Studies 
• Journal of Hydrometeorology 
• Journal of the Indian Society of Remote Sensing 
• Lecture Notes of the Institute for Computer Sciences, Social-Informatics and 

Telecommunications Engineering, 
• Natural Hazards 
• Proceedings of the 3rd International Conference on Green Environmental 

Engineering and Technology, Lecture Notes in Civil Engineering 214 
• Remote Sensing 
• Remote Sensing Applications: Society and Environment 
• Remote Sensing of Environment 
• Science of the Total Environment 
• Sensors 
• Surveys in Geophysics 
• Water (Switzerland) 
• Water Resources Management 
• Water Resources Research 
• Water SA 
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2.2. Remote Sensing data products mentioned in reviewed papers 
2.2.1 Rainfall data 
 
Precipitation data product used in reviewed articles 

Product Spatial 
extent 

Spatial 
resolution 

Temporal 
extent 

Temporal 
resolution 

Articles 

TRMM  
Tropical Rainfall 
Measuring Mission 
TMAP 3B42 

50o N – 
50o S, 
180o W – 
180o E 

0.25o 1998-NP daily Islam et al., 2018; Khairul et 
al., 2018; Singh & Saravanan, 
2020; Lakew et al., 2020; 
Dembele et al., 2020; Mao et 
al., 2019; Zhang et al., 2020; 
Munizimi et al., 2019; Luo et 
al., 2017; Liu et al., 2016; Qi et 
al., 2016; Ha et al., 2018; Sun 
et al., 2018 

MSWEP  
Multi-Source Weighted-
Ensemble Precipitation 

Global 0.1o 1979-NP 3-hourly Dembele et al., 2020a; Khairul 
et al., 2018; Lakew et al., 
2020; Strohmeier et al., 2020; 
Beck et al., 2020; Lakew, 
2020; Lazin et al., 2020; 
Siqueira et al., 2018 

TRMM  
Tropical Rainfall 
Measuring Mission Near 
real time data products 
3B42RT or 3B41RT 

50o N – 
50o S, 
180o W – 
180o E 

0.25o 1998-NRT daily Dembele et al., 2020; Leroux 
et al., 2016; Shi et al., 2020; 
koppa et al., 2019; Qi et al., 
2016; Sun et al., 2018 

CMORPH  
Climate Prediction 
Center (CPC) MORPHing 
technique (CMORPH) 

60o N – 
60o S, 
180o W – 
180o E 

8 km, 0.25o 199 8-NRT 3-hourly, 
daily 

Dembele et al., 2020a; Lakew 
et al., 2020; Leroux et al., 
2016; Shi et al., 2020; Sun et 
al., 2018 

CHIRPS  
Climate Hazards Group 
InfraRed Precipitation 
with Stations 

50o N – 
50o S, 
180o W – 
180o E 

0.05o 1981 - NRT daily Dembele et al., 2020a; 
Dembele et al., 2020b; Pang 
et al., 2020; Khairul et al., 
2018; Ha et al., 2018 
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GSMaP  
Global Satellite Mapping 
of Precipitation (GSMaP) 
Versions 1: Moving 
Vector with Kalman 
(MVK) Standard V6 2: 
Guage adjusted 

60o N – 
60o S, 
180o W – 
180o E 

0.1o 1: 2001-
2013 
2:2000 - 
NRT 

daily Dembele et al., 2020a; Khairul 
et al., 2018; Sugiura et al., 
2016; Qi et al., 2016 

IMERG 
Integrated Multi-satellitE 
Retrievals for GPM 

60o N – 
60o S, 
180o W – 
180o E 

0.10o 2015 - NRT 3 hourly Al-Areeq et al., 2021; Sharif et 
al., 2017; Zhang et al., 2020; 
Lazin et al., 2020 

APRHODITE  
Asian Precipitation – 
Highly- Resolved 
Observational Data 
Integration Towards 
Evaluation 

55o N – 
15o S, 60o 
E – 150o 
E 

25 km / 
0.25o 

1951- NRT daily Islam et al., 2018; Singh & 
Saravanan, 2020; Qi et al., 
2016 

NCEP CFSR (the National 
Centers for 
Environmental 
Prediction (NCEP) 
Climate Forecast System 
Reanalysis (CFSR) Swat 
Database) 

Global 0.3125o 1979 - 
2014 

daily, 
monthly 

Alemayehu et al., 2018; Singh 
& Saravanan, 2020; Sahoo et 
al., 2021 

MEERA-2 Modern-Era 
Retrospective Analysis 
for Research and 
Applications-2 (rainfall: 
M2T1NXFLX_V5.12.4; 
temperature: 
M2SDNXSLV_V5.12.) 

Global 0.625o x 
0.5o 

1980 - NP hourly Dembele et al., 2020a; Mao et 
al., 2019; Gupta & Tarboton 
et al., 2016 

PERSIANN Precipitation 
Estimation from 
Remotely Sensed 
Information using 
Artificial Neural 
Networks 

60o N – 
60o S, 
180o W – 
180o E 

0.25o 2000 - to 
NRT 

3-hourly Leroux et al., 2016; Qi et al., 
2016 
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GPCP Global 
Precipitation Climatology 
Project  

Global 2.5o, 1.0o 1979- NRT, 
1996- 2015 

Monthly, 
daily 

Islam et al., 2018; Singh & 
Saravanan, 2020 

ERA Interim Global 0.25o 1979-2019 3-hourly, 
Daily 

Lakew et al., 2020; Hostache 
et al., 2020;  

ERA 5 European Centre 
for Medium-range 
Weather Forecasts 
Reanalysis 5 

Global 0.25o 1979-NP hourly Dembele et al., 2020a; Dahri 
et al., 2021;  

GLDAS (Global Land Data 
Assimilation System) 

90o N – 
60o S, 
180o W – 
180o E 

0.25o 2000 - 
2015 

3-hourly Mao et al., 2019; Qi et al., 
2016 

RFE V2 NOAA's Rainfall 
Estimation Climate 
Prediction Center Africa 

Africa 
40o N – 
40o S, 20o 
W – 55o 
E 

0.1o 2001-NP daily Dembele et al., 2020; Gupta & 
Tarboton, 2016 

GPCC (Global 
Precipitation Climatology 
Centre) 

Global 2.5o, 
1.0o,0.5o & 
0.25o 

1891-2016 daily Lakew et al., 2020 

E-OBS 2.0 25o N – 
71.5o N, 
25o W – 
45o E 

0.25o 1950 - 
2019 

daily Busari et al., 2021 

PERSIANN-CCS 
Precipitation Estimation 
from Remotely Sensed 
Information using 
Artificial Neural 
Networks- Cloud 
Classification System 

60o N – 
60o S, 
180o W – 
180o E 

0.04o 2003 to 
near time 

Hourly Li et al., 2019 
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PERSIANN-CDR 
Precipitation Estimation 
from Remotely Sensed 
Information using 
Artificial Neural 
Networks-Climate Data 
Record 

60o N – 
60o S, 
180o W – 
180o E 

0.25o 1983 - to 
2016 

6-hourly Dembele et al., 2020 

TAMSAT v3.0 Tropical 
Application of 
Meteorology using 
SATelite (TAMSAT) Africa 

Africa 
38o N – 
36o S, 19o 
W – 52o 
E 

0.0375o 1983-NP daily Dembele et al., 2020 

ARC v2 African Rainfall 
Estimate Climatology 

Africa 
40o N – 
40o S, 20o 
W – 55o 
E 

0.1o 1983-NP daily Dembele et al., 2020 

WFDEI-CRU Watch 
forcing data ERA-Interim 
– Corrected using 
Climatic Research Unit 
CRU data. 

Global 0.5o 1979-2018 3-hourly Dembele et al., 2020 

WFDEI-GPCC WATCH 
Forcing Data ERA-Interim 
(WFDEI) corrected using 
Global Precipitation 
Climatology Centre 
(GPCC) dataset 

Global 0.5o 1979-2016 3-hourly Dembele et al., 2020 

PGF v3 (Princeton 
University Global 
meteorological Forcing) 

Global 0.25o 1948-2012 3-hourly Dembele et al., 2020; Aloysius 
& Saiers, 2017 

EWEMBI v1.1 
Earth20bserve, WFDEI 
and ERA-Interim merged 
and bias-corrected 
(ISIMIP- EWEMBI) 

Global 0.5o 1976-2013 Daily Dembele et al., 2020 

JRA-55 Japanese 55-year 
Reanalysis 

Global 1.25o 1959 - NP 3-houly Dembele et al., 2020 
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2.2.2. DEM data 
 
Digital Elevation Models (DEM) products used in reviewed articles 

Product Resolution Extent Year of 
release 

Articles 

SRTM: Spatial 
Information Shuttle 
Radar Topographic 
Mission 

90 m 60o N – 
60o S 

2003 Islam et al., 2018; Sahoo et al., 2021; 
Meng et al., 2018; Pang et al., 2020; 
Busari et al., 2021; Mao et al., 2019; 
Soulis et al., 2020; Watson et al., 
2020; Abdollahi et al., 2017; Maza el 
al., 2020; Yang et al., 2020; Arthur et 
al., 2020; Koo et al., 2020; Becket et 
al., 2019; Pan et al., 2019; Imhoff et 
al., 2020; Siqueira et al., 2018; Tao & 
Barros, 2019; Ayala et al., 2020; 
Abeysingha et al., 2016; Hiep et al., 
2018; Li et al., 2019; Munzimi et al., 
2019; Ha et al., 2018; Alemayehu et 
al., 2018; Zhu et al., 2017.   

ASTER GDEM: Advanced 
Space Borne Thermal 
Emission and Reflection 
Radiometer-Global 
Digital Elevation Model 

30 m 83o N – 
83o S 

2009 Alataway et al., 2019; Atif et al., 2019; 
Cazares-Rodriguez et al., 2017; Jin & 
Jin, 2020; Shi et al., 2020; Singh & 
Saravanan, 2020; Zhang et al., 2021; 
Zhang et al., 2020. 

GMTED 2010: Global 
Multi-resolution Terrain 
Elevation Data 2010 

225 m 60o N – 
60o S 

2010 Pakaksung & Takagi, 2021; Dembele 
et al., 2020a; Dembele et al., 2020b. 

HydroSHEDS: 
Hydrological data and 
maps based on Shuttle 
Elevation Derivatives at 
multiple Scales 

500 m 60o N – 
60o S 

2009 Jiang et al., 2020; Khairul et al., 2018; 
Lazin et al; 2020; Pakaksung & Takagi, 
2021; Siqueira et al., 2018. 

GTOPO 30: Global Multi-
resolution Terrain 
Elevation Data 2010   

1000 m 90o N – 
90o S 

1993 Corbari et al., 2019; Koppa et al., 
2019; Lakew,2020 

MERIT: Multi-Error-
Removed Improved-
Terrain DEM 

90 m 90o N – 
60o S 

2017 Pakoksung & Takagi, 2021 

TanDEM-X: TerraSAR-X 
add-on for Digital 
Elevation Measurement 

12 m, 30 m, 
90 m 

90o N – 
90o S 

2016 Pakoksung & Takagi, 2021 
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Annex 3 
3.1. Water quality survey – response result per questions 

Intro Data 

● In which type of organisation are you working?  (n=25) 

 

Other types of organisations not mentioned in the questionnaires but specified by the 
survey were non-profit organisations and private companies.  

● What is the name of your organisation? 
• CNR 
• CNR-IREA 
• Griffith University  
• IGRAC 
• IHE Delft 
• Leibniz Institute of Freshwater Ecology and Inland Fisheries  
• Plymouth Marine Laboratory 
• TU Vienna  
• Terrasigna 
• UFZ Magdeburg  
• University of Bari 
• University of Coimbra (Portugal)  
• Vrij Universiteit Brussel  
• Wageningen University (2 Counts)  
• Waterbouwkundig Laboratorium  
• Eawag 
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● What is your position in the organisation you are working in? (n=25) 

 
Other types of positions not mentioned in the questionnaires but specified by the survey were 
Assistant professor, PhD student and Project manager.  

Current Use of Copernicus Remote Sensing Data 

• Do you use any type of Remote Sensing Data?  Yes/No (n=25) 

 
o  Could you please elaborate briefly why not?  

▪ I do not have knowledge how to collect/access, process and use remote 
sensing data. I also do not know what remote sensing data is available for 
water quality modelling. 

▪ I do not know much about it. 
▪ I do not know what data is available and how can be relevant for water 

quality. 
▪ not familiar enough with remote sensing products, or ways to access them. 

• Do you use Copernicus Data Services?  Yes/No (n=25) 

 
o Could you please elaborate briefly Why not?  

▪ I did not hear about it before. 
▪ I do not use Copernicus directly but I have students and collaborators who 

do. 
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▪ I have not had time yet to learn how to access the data- when briefly 
skimming the web site I could not find an option. At the moment I have to 
finish other tasks first. 

▪ I need to explore options how to use services in water quality modelling. I 
am not sure how this data is relevant and whether useful. 

▪ The Copernicus Global Land Service water quality products are not at full 
spatial resolution and do not cover all inland waters. 

▪ Two reasons: (1) Used other sources of data in the past such as NASA-NOAA 
products and ESA CCI products (2) Tried recently to access CLMS and 
CMEMS products and the latter contained so many different datasets that I 
became overwhelmed (and also did not find exactly what I was looking for). 
I found CLMS easier to navigate around. 

▪ We don't use Copernicus data products directly, but we participate in 
projects where our partners use Copernicus data. 

▪ We use other data sources. I am not familiar with Copernicus and do not 
know much what is available there. 

▪ Not familiar with. 
• What Copernicus service(s) are you using in your work? (n=15) 

 
• How many years of experience do you have in using Copernicus EO for modelling? (n=14) 
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For the following statements please select what is applicable for you  
 
• Copernicus data portals are easy to find 

 
• Copernicus data are accessible 

 
•   Copernicus data are easy to use in a model  

 
Remarks: Please provide any feedback you might have. 

▪ The Services do not offer uniform data access. The C3S API is great. 
▪ There is a problem on data format from different services, it would be easier 

to have a harmonization of the products. 
▪ Not all datasets have DOIs. 

• What parameters are you using in your work? 
o Chlorophyll-a (Chla) - Spatial resolution (n=13)  

 
            Others: 1 x 1 km 
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o Chlorophyll-a (Chla) - Temporal resolution (n=10)  

 
o Phytoplankton Absorption Coefficient (aphy) - Spatial resolution (n=6)  

 
o Phytoplankton Absorption Coefficient (aphy) - Temporal resolution (n=5)  

 
 

o Total Absorption Coefficient (atot) - Spatial resolution (n=4)  
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o Total Absorption Coefficient (atot) - Temporal resolution (n=4)  

 
o Coloured Dissolved Matter (CDM) - Spatial resolution (n=4)  

 
o Coloured Dissolved Matter (CDM) - Temporal resolution (n=4)  

 
            Others: weekly 

o Suspended Particulate Matter (SPM) - Spatial resolution (n=9)  
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o Suspended Particulate Matter (SPM) - Temporal resolution (n=9)  

 
o Diffuse Attenuation Coefficient (Kd) - Spatial resolution (n=5)  

 
o Diffuse Attenuation Coefficient (Kd) - Temporal resolution (n=5)  

 
            Others: weekly 

o Sea Surface Temperature (SST) - Spatial resolution (n=8)  

 
            Others: 1 x 1 km 

o Sea Surface Temperature (SST) - Temporal resolution (n=8)  
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            Others: Weekly 

o Particulate Backscattering Coefficient (Bbp) - Spatial resolution (n=4)  

 
o Particulate Backscattering Coefficient (Bbp) - Temporal resolution (n=5)  

 
            Others: Weekly 

o Secchi Disk Depth (ZSD) - Spatial resolution (n=4)  
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o Secchi Disk Depth (ZSD) - Temporal resolution (n=5)  

 
o Remote Sensing Reflectances (Rrs) - Spatial resolution (n=8)  

 
            Others: 1 x 1 km 

o Remote Sensing Reflectances (Rrs) - Temporal resolution (n=9)  

 
o Lake Surface Water Temperature (LSWT) - Spatial resolution (n=8)  
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o Lake Surface Water Temperature (LSWT) - Temporal resolution (n=8)  

 
            Others: Weekly 

o Trophic State Index - Spatial resolution (n=4)  

 
o Trophic State Index - Temporal resolution (n=4)  

 
            Others:  Weekly 

o Water leaving reflectance - Spatial resolution (n=7)  
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o Water leaving reflectance - Temporal resolution (n=7)  

 
o Mass concentration of chlorophyll-a - Spatial resolution (n=8)  

 
o Mass concentration of chlorophyll-a - Temporal resolution (n=8)  

 
o Remote Sensing reflectance - Spatial resolution (n=8)  
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o Remote Sensing reflectance - Temporal resolution (n=8)  
 

 
• How are the previous parameters used? (n=15) 

 
            Others: Identifying climate trends; identifying ecosystem monitoring solutions 

 

Current needs for Remote Sensing Copernicus data services for modelling: 

• Which are the main limitations and gaps you can highlight? (n=25) 

 
Others: Type of data needed is not available through Copernicus services 
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• Please state your interest for the following options of improved Copernicus Data 
Services.  

 
• What would be your preferred spatial and/or temporal resolution and update frequency 

for Copernicus Data Services?  
o Chlorophyll-a (Chla) - Spatial resolution (n=18)  

 
            Others:  50 x 50 km  or 5 x 5 m 

  



 

99 

 

o Chlorophyll-a (Chla) - Temporal resolution (n=18)  

 
           Others: Seasonal            

o Chlorophyll-a (Chla) – Update frequency (n=18)  

 
            Others: Seasonal 

o Phytoplankton Absorption Coefficient (aphy) - Spatial resolution (n=14)  

 
            Others: 50 x 50 km or 5 x 5 m 

o Phytoplankton Absorption Coefficient (aphy) - Temporal resolution (n=14)  

 
            Others: Seasonal 

o Phytoplankton Absorption Coefficient (aphy) – Update frequency (n=13)  

 
            Others: Seasonal 
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o Total Absorption Coefficient (atot) - Spatial resolution (n=14)  

 
            Others: 5 x 5 m 

o Total Absorption Coefficient (atot) - Temporal resolution (n=14)  

 
o Total Absorption Coefficient (atot) – Update frequency (n=14)  

 
o Coloured Dissolved Matter (CDM) - Spatial resolution (n=14)  

 
            Others: 5 x 5 m 

o Coloured Dissolved Matter (CDM) - Temporal resolution (n=14)  
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o Coloured Dissolved Matter (CDM) – Update frequency (n=14)  

  
o Suspended Particulate Matter (SPM) - Spatial resolution (n=17)  

 
            Others: 5 x 5 m 

o Suspended Particulate Matter (SPM) - Temporal resolution (n=17)  

 
o Suspended Particulate Matter (SPM) – Update frequency (n=16)  

 
o Diffuse Attenuation Coefficient (Kd) - Spatial resolution (n=13)  

 
            Others: 5 x 5 m 
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o Diffuse Attenuation Coefficient (Kd) - Temporal resolution (n=13)  

 
o Diffuse Attenuation Coefficient (Kd) – Update frequency (n=12)  

 
o Sea Surface Temperature (SST) - Spatial resolution (n=16)  

 
           Others: 5 x 5 m 

o Sea Surface Temperature (SST) - Temporal resolution (n=16)  

 
o Sea Surface Temperature (SST) – Update frequency (n=16)  

 
o Particulate Backscattering Coefficient (Bbp) - Spatial resolution (n=13) 

 
             Others: 5 x 5 m 
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o Particulate Backscattering Coefficient (Bbp) - Temporal resolution (n=14)  

 
o Particulate Backscattering Coefficient (Bbp) – Update frequency (n=14)  

 
o Secchi Disk Depth (ZSD) - Spatial resolution (n=13)  

 
            Others:  5 x 5 m 

o Secchi Disk Depth (ZSD) - Temporal resolution (n=13)  

 
o Secchi Disk Depth (ZSD) – Update frequency (n=13)  
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o Remote Sensing Reflectances (Rrs) - Spatial resolution (n=15)  

 
            Others: 5 x 5 m 

o Remote Sensing Reflectances (Rrs) - Temporal resolution (n=15)  

 
o Remote Sensing Reflectances (Rrs) – Update frequency (n=15)  

 
o Lake Surface Water Temperature (LSWT) - Spatial resolution (n=18)  

 
            Others: 5 x 5 m; or  it depends on the size of the lake. I am happy with 50 m for large 
lakes, but would like 10 m for smaller ones. 
 

o Lake Surface Water Temperature (LSWT) - Temporal resolution (n=18)  
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o Lake Surface Water Temperature (LSWT) – Update frequency (n=18)  

 
o Trophic State Index - Spatial resolution (n=14)  

 
            Others: 

• 5 x 5 m 
• it depends on the size of the lake. I am happy with 50 m for large lakes, but would like 

10 m for smaller ones. 
o Trophic State Index - Temporal resolution (n=14)  

 
o Trophic State Index – Update frequency (n=15)  

 
o Turbidity - Spatial resolution (n=19)  
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            Others: 
• 5 x 5 m 
• it depends on the size of the lake. I am happy with 50 m for large lakes, but would like 

10 m for smaller ones. 
 

o Turbidity - Temporal resolution (n=18)  

 
o Turbidity – Update frequency (n=18)  

 
            Others:  cfr SSC, ideally timeseries with sufficient temporal resolution to resolve 
intratidal variation 

o Water leaving reflectance - Spatial resolution (n=15)  

 
            Others: 5 x 5 m 

o Water leaving reflectance - Temporal resolution (n=15)  

 
o Water leaving reflectance – Update frequency (n=15)  
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o Mass concentration of chlorophyll-a - Spatial resolution (n=16)  

 
            Others 

• 50 m for larger lakes, 10 m for smaller lakes 
• 5 x 5 m 

 
o Mass concentration of chlorophyll-a - Temporal resolution (n=15)  

 
o Mass concentration of chlorophyll-a – Update frequency (n=16)  

 
o Remote Sensing reflectance - Spatial resolution (n=17)  

 
            Others: 5 x 5 m 
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o Remote Sensing reflectance - Temporal resolution (n=17)  

 
 

• New water quality products, as listed below, are developed by Copernicus. What would 
be your ideal spatial, temporal resolution and update frequency for them? 
o Water primary production - Spatial resolution (n=19)  

 
            Others: 5 x 5 m 

o Water primary production - Temporal resolution (n=19)  

  
o Water primary production – Update frequency (n=19)  

 
o Total Nitrogen - Spatial resolution (n=18)  

 
            Others: 0.5 by 0.5 degree; or  5 x 5 m 
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o Total Nitrogen - Temporal resolution (n=18)  

 
o Total Nitrogen – Update frequency (n=18)  

 
o Total Phosphorus - Spatial resolution (n=18)  

 
            Others:  0.5 by 0.5 degree; or 5 x 5 m 

o Total Phosphorus - Temporal resolution (n=17)  

 
o Total Phosphorus – Update frequency (n=17)  

 
o Dissolved organic carbon - Spatial resolution (n=18)  

 
            Others:  0.5 by 0.5 degree; 5 x 5 m 
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o Dissolved organic carbon - Temporal resolution (n=18)  

 
o Dissolved organic carbon– Update frequency (n=18)  

 
o Partial pressure of CO2 or CO2 concentration - Spatial resolution (n=14)  

 
            Others: 5 x 5 m 

o Partial pressure of CO2 or CO2 concentration - Temporal resolution (n=13)  

 
o Partial pressure of CO2 or CO2 concentration – Update frequency (n=14)  
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• Please write any other comment or observation you think is important for this needs 
assessment: 
o Simpler search interface when lots of variables are on offer by any Copernicus 

Service. (2) Guidance on novice users on how to choose the best parameter for 
their needs (e.g. tutorials, or onboarding). (3) The recent CMEMS training webinars 
for the Baltic/ Arctic/(and soon the Mediterranean) were brilliant - more like those 
please! 

o DOIs and clear citation guidelines for every dataset. Reduced update latency. 
Improved spatio-temporal resolutions. 

o For my case study, I need time series of the RS data. Extracting time series data 
was very time-consuming. If this data can be provided, the use of RS data will be 
easier. 

o I think it would be nice for me to learn how to bridge the gap between modellers 
and remote sensing and vice versa. For me it is not clear what is out there and how 
to use it. 

o I wonder if the products suggested are also suitable to be used in groundwater 
assessments, or if this is only focused on surface water. More products dedicated 
to groundwater are needed. 

o Validated EO data. 
o please also provide uncertainty bands around the values, and technical reports on 

how the processing was done that we can refer to. 
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3.2 Water quantity survey – results per question 

Intro Data 

● In which type of organisation are you working?  (n=21) 

 

Other types of organisations not mentioned in the questionnaires but specified by the 
surveyed were non-profit organisations and private companies.  

● What is the name of your organisation? 
• Confederación Hidrográfica del Ebro 
• Federal Waterways Engineering and Research Institute 
• German Research Centre for Geosciences (GFZ Potsdam) 
• Griffith University 
• IGRAC 
• IHE Delft (2 Counts) 
• IHE Delft Institute for Water Education 
• National Institute for Marine Geology and Geoecology GeoEcoMar Romania 
• Russian State Hydrological institute 
• SMHI 
• Sorbonne University 
• TU Vienna 
• University of Bari 
• University of Coimbra (Portugal) 
• Water Resources Management Authority 

● What is your position in the organisation you are working in? (n=21) 

 
 



 

113 

 

Others types of positions not mentioned in the questionnaires but specified by the surveyed 
were Lecturer, PhD student and Team lead.  
 

Current Use of Copernicus Remote Sensing Data 

• Do you use any type of Remote Sensing Data?  Yes/No (n=21) 

 
o  Could you please elaborate briefly why not?  

▪ My students and colleagues use remote sensing data 
▪ Not yet, but I think they could be useful for my work 

• Do you use Copernicus Data Services?  Yes/No (n=21) 

 
o Could you please elaborate briefly why not?  

▪ Limited data analysis resources 
▪ My students and colleagues use the Data Services 
▪ Not currently needed to answer my research questions 
▪ I haven't used them so far, but I intend to. 
▪ We don't directly use Copernicus data but we participate in projects where 

these data are used. 
• What Copernicus service(s) are you using in your work? (n=15) 

 
• How many years of experience do you have in using Copernicus EO for modelling? (n=14) 
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For the following statements please select what is applicable for you. 
• Copernicus data portals are easy to find 

 
• Copernicus data are accessible 

 
•   Copernicus data are easy to use in a model  

 
Remarks: Please provide any feedback you might have. 

▪ We have been using DIAS to collect data and to my awareness access was 
not for free. 

▪ When using the river altimetry portal, it is hard to see the location of the 
virtual stations for detailed selection (points on map too small). 

▪ My colleagues do the data collection and processing. 
• What parameters are you using in your work? 

o Precipitation - Spatial resolution (n=12)  

 
      Others: CHIRPS (5km) 
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● Depending on the application, but mainly it is projections or seasonal forecasts at 12 or 18 
km resolution 

o Precipitation - Temporal resolution (n=11)  

 
o Soil moisture - Spatial resolution (n=10)  

 
      Others: 
● 0.25 degree 
● Not used due to limitations, calculated using soil moisture balance 

o Soil moisture - Temporal resolution (n=9)  

 
      Others: Not used due to limitations 

o Evapotranspiration - Spatial resolution (n=8)  

 
      Others: 
● 10 x 10 km up to 3 x 3 km 
● 250 x 250 m or 100 x 100 m or 30 x 30 m (WaPOR) 
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o Evapotranspiration - Temporal resolution (n=8)  

 
      Others: Decadal (WaPOR) 

o Surface runoff - Spatial resolution (n=4)  

 
      Others:  It depends on subbasin shape; or Not used, calculated from model 

o Surface runoff- Temporal resolution (n=4)  

 
      Others:  5 x 5 km; or Not used, calculated from model 
             

o River discharge - Spatial resolution (n=4)  
 

 
      Others: 
● 5 x 5 km 
● Not used, calculated from model  
● It depends on the river reach every time there is a new tributary 
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o River discharge - Temporal resolution (n=4)  

 
      Others: Not used, calculated from model  
 

o Flood extent - Spatial resolution (n=7)  

 
      Others: 10 x 10 m; or 5 x 5 km 

o Flood extent - Temporal resolution (n=7)  

 
      Others: 6 hours 

o Inland water temperature - Spatial resolution (n=3)  
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o Inland water temperature - Temporal resolution (n=3)  

 
o Land use / land cover - Spatial resolution (n=11)  

 
      Others: 
● 100 x 100 m 
● 10 x 10 m 
● WorldCover 10 m 

o Land use / land cover - Temporal resolution (n=11)  

 
      Others: Static in time 

o Land surface temperature - Spatial resolution (n=6)  

 
      Others: 60 x 60 m 
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o Land surface temperature - Temporal resolution (n=6)  

 
o Air temperature - Spatial resolution (n=6)  

 
      Others: Similarly, for precipitation. It comes in 12.5 km (i.e. Euro-CORDEX projections) or 18 
km (i.e. ECMWF SEAS5 seasonal forecasts)  

o Air temperature - Temporal resolution (n=6)  

 
o Bathymetry - Spatial resolution (n=3)  
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o Bathymetry - Temporal resolution (n=3)  

 
o DEM - Spatial resolution (n=7)  

 
      Others: 10 x 10 m; 30 x 30 m; 90 x 90 m; Copernicus DEM 30 m 

o DEM - Temporal resolution (n=7)  

 
      Others: Temporal resolution is not so important for me; or Static in time 
 

o Water levels (lakes and rivers) - Spatial resolution (n=8)  

 
      Others: 10 x 10 cm; or Depending on the water body 
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o Water levels (lakes and rivers) - Temporal resolution (n=8)  

 
      Others:  Depending on Earth Observation availability; Depending on availability 
• How are the previous parameters used? (n=15) 
 

 
 
      Others: 
● For comparison of satellite and in-situ lake water level data in order to improve a 

methodology for correcting satellite data. 
● Signal separation of terrestrial water storage variations. 
● Water productivity assessments. 

Current needs for Remote Sensing Copernicus data services for modelling: 

• Which are the main limitations and gaps you can highlight? (n=21) 

 
      Others: In some products cropping of data is not easy. 
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• Please state your interest for the following options of improved Copernicus Data 
Services.  

 

 
• What would be your preferred spatial and/or temporal resolution and update frequency 

for Copernicus Data Services?  
•  

o Precipitation - Spatial resolution (n=16)  
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o Precipitation - Temporal resolution (n=16)  

 

 
o Precipitation – Update frequency (n=16)  

 
o Soil moisture - Spatial resolution (n=16)  

 
o Soil moisture - Temporal resolution (n=17)  

 
      Others:  6-12 hrs            

o Soil moisture – Update frequency (n=16)  
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o Evapotranspiration - Spatial resolution (n=15)  

 
o Evapotranspiration - Temporal resolution (n=15)  

 
o Evapotranspiration – Update frequency (n=14)  

 
o Surface runoff - Spatial resolution (n=15)  

 
o Surface runoff - Temporal resolution (n=16)  
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o Surface runoff – Update frequency (n=15)  

 
o River discharge - Spatial resolution (n=14)  

 
      Others: 1 x 1 m 

 
o River discharge - Temporal resolution (n=15)  

 
o River discharge – Update frequency (n=13)  

 
o Flood extent - Spatial resolution (n=13)  

 
 

      Others: 10 x 10 m 
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o Flood extent - Temporal resolution (n=14)  

 
      Others: 6-hourly 
 

o Flood extent – Update frequency (n=13)  

 
o Inland water temperature - Spatial resolution (n=9)  

 
o Inland water temperature - Temporal resolution (n=11)  

 
o Inland water temperature – Update frequency (n=10)  
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o Land use / Land cover - Spatial resolution (n=12)  
 

 
 Others: 5 x 5 m 

o Land use / Land cover - Temporal resolution (n=12)  

 
      Others: Monthly or Seasonal 

o Land use / Land cover – Update frequency (n=13)  

 
      Others: Yearly; or Yearly or seasonal 

o Land surface temperature - Spatial resolution (n=14)  

 
o Land surface temperature - Temporal resolution (n=15)  
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o Land surface temperature – Update frequency (n=14)  

 
o Air temperature - Spatial resolution (n=9)  

 
o Air temperature - Temporal resolution (n=10)  

 
o Air temperature – Update frequency (n=9)  

 
o Bathymetry - Spatial resolution (n=8)  

 
            Others: 5 x 5m 
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o Bathymetry - Temporal resolution (n=9)  

 
            Others: Monthly or Annual; or Annual 

 
o Bathymetry – Update frequency (n=9)  

 
            Others: 

• Monthly or Annual 
• Yearly 

 
o DEM - Spatial resolution (n=8)  

 
             Others: 10 x 10 m 

 
o DEM - Temporal resolution (n=8)  

 
            Others: Monthly or annual 
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o DEM – Update frequency (n=8)  

 
            Others: Monthly or annual 

o Water levels (lakes and rivers) - Spatial resolution (n=16)  

 
            Others: 1 x 1 m; or 10 x 10 cm 

o Water levels (lakes and rivers) - Temporal resolution (n=17)  

 
o Water levels (lakes and rivers) – Update frequency (n=16)  

 
           Others:  Yearly 

• Please write any other comment or observation you think is important for this needs 
assessment 
o Copernicus data service for the ECV (Essential Climate Variable) groundwater 

storage.  
Copernicus data service for the ECV (Essential Climate Variable) terrestrial water 
storage (TWS). 

o DOI and clear dataset citation 
o I think that more products related to groundwater are needed (e.g. groundwater 

storage change, or even total water storage change). 
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