
Land 2015, 4, 1-18; doi:10.3390/land4010001 
 

land 
ISSN 2073-445X 

www.mdpi.com/journal/land/ 

Article 

Globalland30 Mapping Capacity of Land Surface Water in 
Thessaly, Greece 

Ioannis Manakos 1,*, Konstantinos Chatzopoulos-Vouzoglanis 1, Zisis I. Petrou 1,  

Lachezar Filchev 2 and Antonis Apostolakis 3 

1 Information Technologies Institute, Centre for Research and Technology Hellas (CERTH–ITI),  

6th km Xarilaou—Thermi, 57001 Thessaloniki, Greece; E-Mails: chatzopk@iti.gr (K.C.-V.); 

zpetrou@iti.gr (Z.I.P.) 
2 Remote Sensing and GIS Department, Space Research and Technology Institute, Bulgarian 

Academy of Sciences (SRTI–BAS), Acad. G. Bonchev St., block.1, 1113 Sofia, Bulgaria;  

E-Mail: lachezarhf@gmail.com 
3 Greek Biotope/Wetlands Centre, The Goulandris Natural History Museum, 14th km  

Thessaloniki—Mihaniona, 57001 Thermi, Greece; E-Mail: antonis@ekby.gr 

* Author to whom correspondence should be addressed; E-Mail: imanakos@iti.gr;  

Tel.: +30-2311-257-760; Fax: +30-2310-474-128. 

Academic Editor: Paul Aplin 

Received: 13 November 2014 / Accepted: 17 December 2014 / Published: 23 December 2014 

 

Abstract: The National Geomatics Center of China (NGCC) produced Global Land  

Cover (GlobalLand30) maps with 30 m spatial resolution for the years 2000 and 2009–2010, 

responding to the need for harmonized, accurate, and high-resolution global land cover data. 

This study aims to assess the mapping accuracy of the land surface water layer of GlobalLand30 

for 2009–2010. A representative Mediterranean region, situated in Greece, is considered as 

the case study area, with 2009 as the reference year. The assessment is realized through an 

object-based comparison of the GlobalLand30 water layer with the ground truth and visually 

interpreted data from the Hellenic Cadastre fine spatial resolution (0.5 m) orthophoto map 

layer. GlobCover 2009, GlobCorine 2009, and GLCNMO 2008 corresponding thematic layers 

are utilized to show and quantify the progress brought along with the increment of the spatial 

resolution, from 500 m to 300 m and finally to 30 m with the newly produced GlobalLand30 

maps. GlobalLand30 detected land surface water areas show a 91.9% overlap with the reference 

data, while the coarser resolution products are restricted to lower accuracies. Validation is 
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extended to the drainage network elements, i.e., rivers and streams, where GlobalLand30 

outperforms the other global map products, as well. 

Keywords: land surface water; global land cover map; GlobalLand30; GlobCover; GlobCorine; 

GLCNMO 2008; Thessaly region; Greece 

 

1. Introduction 

Globally, coordinated governance strategies and international supportive tools and mechanisms (such 

as the Global Earth Observation System of Systems Water Cycle Integrator—GEOSS-WCI [1]) have 

been developed to monitor the water reserves under contemporary complex multi-stressor conditions. 

The high importance and significance of the water resources, their monitoring and their sustainable 

management through geoinformation technologies have been outlined in the Water Framework (Directive 

2000/60/EC), Flood risk (Directive 2007/60/EC), and INSPIRE (Directive 2007/2/EC) Directives. Earth 

Observation (EO) and Remote Sensing (RS) in particular, are gradually gaining momentum for water 

resource monitoring, whereas recently deployed and upcoming European remote sensing missions (i.e., 

the Sentinel series) are expected to improve current acquisition capabilities, both in terms of resolution 

and reliability [2]. This is clearly visible at the international reports prepared for the status of world water 

resources by the United Nations Economic Commission in Europe (UNECE) and World Meteorological 

Organization (WMO), to name but a few [3,4]. 

Furthermore, the importance of water monitoring is highlighted by the inclusion of an inland water 

layer among the five High Resolution Layers (HRL) of 20 m spatial resolution (the other four layers 

being “imperviousness”, “forests”, “permanent grasslands” and “wetlands”) meant to be produced and 

updated every three years according to the Copernicus land service objectives [5]. Certain layers of Land 

Cover Component description are employed in the recently proposed EAGLE model (European Topic 

Centre on Spatial Information and Analysis—Action Group on Land monitoring in Europe) to 

characterize water elements in detail [6], further highlighting the significance of water monitoring. 

1.1. Background 

The extraction of a global land cover map has been firstly attempted using 8 km spatial resolution 

National Oceanic and Atmospheric Administration (NOAA) Advanced Very High Resolution 

Radiometer (AVHRR) data [7,8]. The AVHRR data of 1 km spatial resolution were later used for the 

production of a global LU/LC map from the University of Maryland [9] and the International Geosphere-

Biosphere Programme (IGBP) DISCover global map [10,11]. The one-kilometer AVHRR data were 

further employed in the production of a land cover map at a pan-European scale [12,13]. The AVHRR 

started being replaced by sensors with better spatial or spectral characteristics. Friedl et al. [14] initially 

produced a 1 km spatial resolution map using Moderate Resolution Imaging Spectroradiometer 

(MODIS) data; 500 m spatial resolution data were employed later, leading to a higher resolution map 

[15]. Furthermore, MODIS data were used for the production of the Global Land Cover by National 

Mapping Organizations (GLCNMO) map for 2003 and a second version for 2008, with 1 km and 500 m 
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spatial resolution, respectively, under the Global Mapping project [16,17]. An international partnership 

coordinated by the European Commission’s (EC) Joint Research Centre (JRC) employed data from the 

SPOT VEGETATION sensor to produce a global land cover of 2000 (GLC2000) map with spatial 

resolution equal to 1 km at the equator [18]. The spatial resolution of the produced maps was further 

increased with the use of Medium Resolution Imaging Spectrometer (MERIS) data in the GlobCover 

map products to 300 m for 2005/2006 (v2.2) and 2009 (v2.3) [19–22], as well as in the GlobCorine 2009 

product of the same spatial resolution [23,24]. 

1.2. Most Recent Developments 

The extent of the “land surface water” class (LSW), whose accuracy is put under examination in this 

study, varies over time due to seasonal fluctuations of the precipitation and evapotranspiration regime 

over an area. The latter are shifting the exact position of the waterline, which delineates the open water 

surface from the mainland, and influencing the ability to trace it [25]. Single image acquisitions may 

capture the snapshot in time, and as such, may be considered as proxy for the real situation on the surface. 

Time series data, comparable to the scale used for the climate definition of an area, are required for the 

safe designation and, if possible, quantification of this part of the water cycle. Foody et al. [25] reported 

root mean-square error (RMSE) values of 2.25 m for waterlines extracted from SPOT HRV satellite data 

with 20 m spatial resolution, which satisfied the accuracy requirements for a large-scale 1:5000 LU/LC 

mapping. Still, the very high spatial resolution aerial photography achieved less error estimates, i.e., 

below 5%, when mapping LSW [26]. Landsat TM and ETM+ data have also been employed for the 

mapping of water bodies in different studies, with classification accuracies varying between 80% and 

95%, depending on the method used [27–29]. 

With the advancement of remote sensing technologies and data availability, moderate to high spatial 

resolution remotely sensed images have been increasingly used to monitor and map water bodies 

different in size and shape, including the land surface water bodies (LSW) [30–33]. Products of global 

coverage were envisaged under the National Aeronautics and Space Administration (NASA) and the 

United States Geological Survey (USGS) Global Land-Cover Data Initiative, mainly employing Landsat 

data [34]. In Europe, the GIO (Global Monitoring for Environment and Security (GMES) Initial 

Operations) Pan-European layers with 20 m spatial accuracy are expected in full extent in the upcoming 

period [35]. In Asia, global maps of unprecedented resolution of 30 m have been produced by China’s 

30-metre Global Land Cover mapping project (GlobalLand30) for 2000 and 2009/2010 [36,37]. 

More specifically, the GlobalLand30 has been the outcome of the effort of the Chinese Ministry of 

Science and Technology to create a global land cover product of higher spatial resolution for the years 2000 

and 2009/2010 [36–38]. The goal of this endeavor was to meet with the needs of global environmental 

change studies and earth systems simulation [38]. For this purpose, Landsat data have been primarily used, 

together with MODIS data and data from the Chinese satellites HJ, Beijing-1 and the Chinese weather 

satellite. The final product overall spatial resolution is 30 m [39]. Land cover classes are extracted in six 

sequential stages of the classification approach, namely: (1) “water”; (2) “wetland”; (3) “snow and ice”; 

(4) “artificial cover”; (5) “cropland”; and (6) “forest, shrubland, grassland and barren land” [40]. The “water” 

class layer is extracted at the first stage of the approach, using reflectance properties, and categorized as 

“clear, green or turbid water” [40]. A precise mapping of GlobalLand30 inland open waters for both 
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years 2000 and 2010 was conducted in 2012 [41]. Nowadays the complete global land cover mapping is 

released following its validation [42]. 

A main objective of the study is to assess the accuracy of the Chinese LSW class (GlobalLand30-Water) 

juxtaposed against detailed ground truth data on a representative area in the Mediterranean, the region 

of Thessaly, Greece. Furthermore, in order to quantitatively demonstrate the capacity upgrade brought 

along with GlobalLand30-Water, the outcomes are set aside to the respective LU/LC thematic classes 

from GlobCover 2009 [22], GlobCorine 2009 [23,24], and Japan’s Global Land Cover map [16,17,43]. 

The particular layers were selected in order to have a three-step scale comparison sequence, i.e., at spatial 

resolution of 500 m, 300 m, and 30 m, and be able to delineate the current trend. 

2. Study Area and Materials 

2.1. Study Area 

The Thessaly Region is located in the center of Greece (Figure 1) and shares borders with the regions 

of Central and Western Macedonia, Epirus and Central Greece, while its eastern part is bordering the Aegean 

Sea. It occupies 10.6% (14,037 km2) of the total surface of the country. The region’s geomorphological 

landscape consists of mountainous parts on the perimeter and lowlands in the center. More specifically, 

37% of the region’s surface is flat, 16.8% is semi-mountainous and 46.2% is mountainous [44]. There are 

five mountains, including Mount Olympus, with an altitude of 2917 m above sea level (a.s.l.), being the 

highest in Greece. The average altitude of the region is 285 m a.s.l. 

 

Figure 1. Map of the study area. 

The Thessaly Region is divided into three areas with a varying precipitation pattern: (1) the eastern 

coastal and mountainous; (2) the central plains; and (3) the western mountainous. In the whole water 
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district, the average annual rainfall is estimated at 678 mm [45]. The amount of atmospheric precipitation 

in the water district is larger in the West, then reduced to the plain and rising again in the mountainous 

Eastern part. The total average annual flow of all rivers of Thessaly region is 3.54 billion m3. The average 

annual temperature ranges from 16 °C to 17 °C. The annual temperature amplitude exceeds 22 °C. The 

warmest months are July and August and the coldest January, February, and December. Frost-kills are 

frequent and occur from November to April [46]. 

2.2. Materials 

The data used in the present study originate from various sources: institutional databases and 

intermediate products, satellite images, orthophotos, and thematic raster layers. A full list of the available 

data utilized is provided (Table 1 [47–53]). In particular, Hellenic Cadastre (HC) orthophotomap was 

created by color orthophotos through aerial surveys performed between 2007 and 2009. The surveys 

covered almost the entire area of Greece and were coordinated by the National Cadastre & Mapping 

Agency S.A. (NCMA S.A.). The non-urban areas, as the one studied, have 0.5 m spatial resolution, while 

their geometric accuracy (RMSExy) is ≤1.41 m (confidence level 95%). The GlobalLand30-Water 

considered was generated from Landsat TM/ETM+ 2009 images (spatial resolution of 30 m) for Thessaly, 

Greece. The Landsat TM/ETM+ images have proven to be capable of accurately classifying a large 

variety of landscapes including the heterogeneous Mediterranean landscapes [54–56]. 

Table 1. Data sources and data types used in the present study. 

Data Source Type 
Minimum 

Mapping Unit

RapidEye [50] Raster 6.5 × 6.5 m2 
Inland Water Map (GlobalLand30-Water) [National Geomatics Center of China 
(NGCC) [51] 

Raster 30 × 30 m2 

GlobCover 2009 © ESA 2010 and UCLouvain [52] Raster 300 × 300 m2 
GlobCorine 2009 © ESA 2010 and UCLouvain [53] Raster 300 × 300 m2 
Global Land cover map (GLCNMO) version 2, 2008 (Geospatial Information 
Authority of Japan, Chiba University and collaborating organizations) [54] 

Raster 500 × 500 m2 

Hellenic Cadastre (HC) Copyright © 2014,  
National Cadaster and Mapping Agency S.A., orthophoto map 2007–2009 [55] 

Raster 50 × 50 cm2 

Drainage network Greek Ministry of Environment,  
Energy and Climate Change (GMEECC) [56] 

Vector Scale: 1:50000

3. Experimental Section 

3.1. Class Definitions 

According to the Chinese GlobalLand30 product terminology, inland water class is defined as 

“accumulated liquids of water generated naturally or artificially on the earth’s surface, which is not 

covered by any vegetation, including river (canal), lake, reservoir, etc.” [40]. As explicitly mentioned, 

this class is distinguished from sea water, ice, snow, wetlands, and paddy fields. 
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The GlobCover 2009’s respective class definition is “artificial and natural water bodies,” with class 

ID/code “210” [57], GlobCorine 2009’s relevant class description is “water bodies” with class ID/code 

“200”, and GLCNMO 2008’s class definition is: “The land cover consists of artificial water bodies. A further 

specification can be made in flowing or standing water. The land cover consists of natural water bodies. 

A further specification can be made in flowing or standing water,” with class ID/code “20” [17]. 

3.2. Reference Data Set Creation 

While using input data from different but relatively close to each other dates, a degree of uncertainty 

may be introduced into the procedure, since the extent of open water body undergoes fluctuations over 

time, especially under the Mediterranean climatic conditions. No timely extended record (i.e., for 

decades) exists for the derivation of the reference data in order to have a precise image of the permanent 

flooded area in question. Both the reference data and the data to be evaluated are considered as snapshots 

in time, timely close enough to be compared, as best proxies for the situation on the ground. In this study 

the following procedure was undertaken: 

(a) The visual interpretation and water areas’ polygons digitization on screen was supported by an 

initial recognition of possible water covered areas. In favor of their availability, autumn RapidEye 

images of 2011 have been classified to create an initial polygon layer to capture the land surface 

water areas. The summer dry period prior to the acquisition enhanced the detectability of water 

areas’ boundaries that are maintained throughout the year. Pixel based supervised classification 

was performed in order to identify water and non-water classes. It aimed solely for rapid  

pre-identification of possible water covered areas. Confirmation or rejection of these polygons was 

later undertaken based on the Hellenic Cadastre (HC) base map. 

(b) With the additional calculation of the normalized difference vegetation index (NDVI) [58] and the 

NDWI [59] layers from the RapidEye images, further possible areas indicating increased wetness 

were derived. Following this procedure, a preliminary list of 816 polygons describing the 

detectable wetness areas was generated in an effort to capture all water covered areas, to minimize, 

if not eliminate, the omission error for the extent of the study area. 

(c) In this step photointerpretation took place. In order to counterbalance definition discrepancies, 

LSWs were considered as the areas, where water covering the underlying ground (water table) 

could be visible while looking from above (air or satellite operating height). Extensive evaluation 

of each point was performed, supported by the Hellenic Cadastre (HC) base map. Via the use of 

the HC, the presence of LSW around the 816 centroids of the previously extracted polygons was 

searched. Through the HC map, 682 water bodies were finally delineated through visual interpretation 

and digitized as polygons on screen. 

(d) These polygons were overlapped with the time series of very high resolution satellite images 

derived from Google Earth (GE) software [60]. Parts of the study area were covered by coarse 

resolution GE images, when the respective acquisition series around the global layers’ production 

years and seasons were sought (summer 2009, 2009, 2009, 2008) for the 4 layers (GlobalLand30, 

GlobCover 2009, GlobCorine 2009, and GLCNMO 2008). These partial areas were masked out 

during the evaluation process and the respective polygons were removed from the reference 

layer accordingly. 
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(e) For the remaining polygons very high resolution (<4 m) GE imagery partial snapshots of the 

enclosed surface and their imminent surroundings were acquired and co-registered via control 

points’ coordinates to the HC equivalent sub-areas with RMSExy ≤ 4 m. Selected GE very high 

resolution imagery parts of the same, previous, and following year are incorporated into the 

evaluation process to cope with the seasonality fluctuation of the land surface water bodies. Then 

the initially delineated reference polygons were re-digitized and reshaped according to the open 

water surface extent of the GE partial imageries using photointerpretation. Knowledge of the local 

conditions in relation to artificial boundaries of several land surface water areas was incorporated 

into the procedure. In cases of uncertainty or discrepancy the closest imagery date and/or smaller 

polygon area was favored to cope for the generally prevailing evapotranspiration conditions of 

the area. 

Following the aforementioned analysis of RapidEye, HC and GE time series imageries for the areas of 

interest, a final reference polygon layer of 132 polygons was generated, upon which the accuracy 

assessment took place. 

3.3. GlobalLand30-Water Accuracy Assessment Approach 

The GlobalLand30-Water was georeferenced in WGS84, the same projection system as the HC polygon 

and Greek Ministry of Environment, Energy and Climate Change (GMEECC) linear shapefiles. Initially, 

minor registration errors were detected through visual inspection. In order to resolve this problem, a 

relative georeferencing was performed. Ten uniformly distributed points were selected and a second 

order polynomial transformation of the GlobalLand30-Water layer was conducted to better co-align with 

the HC derived map. The outcome of this procedure achieved an accuracy of RMSE of 8.65 m, which is 

below the 1/3 of the pixel spatial resolution (30 m) of the GlobalLand30-Water raster maps. Figure 2 

demonstrates the registration accuracy between the reference and the GlobalLand30-Water layers for two 

sample areas. In addition, the respective registration outcomes with the GlobCover 2009, GlobCorine 2009, 

and GLCNMO 2008 LSW layers, as discussed below, are also depicted. 

The GlobalLand30-Water raster map was then transformed into a vector polygon file, following 

exactly the edges of the raster pixels, in order to be compared with the reference LSW map. The common 

areas between the GlobalLand30-Water-derived polygons and the LSW digitized ones were isolated 

using an intersection tool to calculate the overlap percentage, i.e., the ratio of the intersection areas to 

the total LSW areas multiplied by 100. In addition, an alternative approach (ALT_A) for the comparison 

of the derived HC reference layer with the GlobalLand30-Water map is followed, excluding all the water 

bodies from the HC LSWs that are smaller than the spatial resolution of the GlobalLand30-Water map. 

In particular, for the comparison of HC LSWs with the GlobalLand30-Water, every polygon with an 

area smaller than 30 m × 30 m, i.e., 900 m2, was excluded in the ALT_A (Figure 3). 



Land 2014, 3 8 

 

 

 

Figure 2. Registration performance visualization between the reference and the GlobalLand30, 

GlobCover 2009, GlobCorine 2009, and GLCNMO 2008 LSW layers, for two representative 

sample areas. 

 

Figure 3. Methodology workflow (ALT_A: Alternative Approach; for HC, GMEECC, 

GlobalLand30-Water, GlobCover 2009, GlobCorine 2009, GLCNMO 2008 see Table 1). 
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Specifically for the linearly aligned surface features, such as the drainage network (DN), the GMEECC 

maps were used to identify the locations of the rivers with a constant flow of water. Then, they were 

digitized in detail as vectors on the HC base map through a similar visual interpretation and on-screen 

digitization process, as reported previously. This was necessary since the scale of the GMEECC data is 

coarser than the one necessary for this study. Next, a stream order classification according to  

Strahler [61] took place, with the higher order rivers being the ones accumulating the whole amount of 

water at the end of the flow to the sea. The 1st, 2nd, 3rd, and 4th order rivers were then compared with the 

GlobalLand30-Water map to assess the degree their existence, length, and area were able to be registered 

on it: 

• Their length was calculated by comparing the length of the rivers extracted by the  

GlobalLand30-Water with the total length of the digitized rivers. 

• In regard to the extent of the open water area present in the rivers, a different method was followed 

to avoid the time-consuming digitization of this large area. At a representative number of points, 

randomly distributed on the DN, transects across the rivers were digitized, enabling the measurement 

of each transect’s width. The widths were ranked in a list from higher to lower, then categorized 

into 3 groups and each group’s average width was calculated. The rivers were then divided into 

linear subparts according to their width as estimated from the GE imagery (each subpart had a 

low variance of individually measured widths), buffered automatically with a radius of the 

respective average width and re-arranged (digitized again) in 3 different linear shapefiles, namely 

“Wide”, “Medium”, and “Narrow” (Figure 4). It is worth mentioning that in the “Narrow” class 

there were points that could belong to a 4th group with significantly smaller width. This group was 

intentionally left out, because of the average class width of 26 m that was already lower than 

GlobalLand30-Water spatial resolution. These buffered regions were thereafter overlaid with the 

GlobalLand30-Water equivalent areas. 

 

Figure 4. The width of the selected river transects across the area subdivided in three groups. 
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3.4. GlobCover 2009, GlobCorine 2009 and GLCNMO 2008 Accuracy Assessment Approach 

Following the procedure described in Section 3.3, the water body classes of GlobCover 2009, 

GlobCorine2009, and GLCNMO 2008 were isolated and digitized in polygon files and then intersected 

with the upgraded reference file (Figure 2). Finally, the intersection area was calculated and compared 

with the HC LSWs area to find the specific percentage of the overlap. Validation was performed following 

both the main and the ALT_A approaches. The DN was totally excluded, since the maximum river width 

was ≈100 m and could not be detected by the 300 m spatial resolution of the GlobCover 2009 and 

GlobCorine2009 maps or the 500 m spatial resolution of the GLCNMO 2008 map. 

4. Results 

The comparison between the timely upgraded HC LSW and GlobalLand30-Water revealed that there 

was a 91.9% area overlap, whereas the evaluation assessment with the GlobCover 2009, GlobCorine 

2009, and GLCNMO 2008 products showed overlaps in the range of 59%, 71.8%, and 43.9%, 

respectively. The ALT_A approach increased the performance of the GlobCover 2009, GlobCorine 

2009, and GLCNMO 2008 layers to 61.4%, 74.6%, and 48.6%, respectively (Figure 5). 

The DN comparison shows that 13 out of 22 rivers and streams were identified (even partially)  

by the GlobalLand30-Water map (Figure 6), while no rivers could be detected by the GlobCover 2009, 

GlobCorine 2009, and GLCNMO 2008. In addition, there was 36.8% overlap in terms of length and 22% 

overlap in terms of area. 

 

Figure 5. Accuracy assessment results (for GlobalLand30-Water, GlobCover 2009, 

GlobCorine 2009, and GLCNMO 2008: see Table 1). LSW: Land surface water detection with 

the main approach; LSW DN included: Land surface water and Drainage network detection 

with the main approach; ALT_A: Land surface water detection with the alternative approach; 

ALT_A DN included: Land surface water and Drainage network detection with the 

alternative approach. 
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Figure 6. GlobalLand30-Water identified rivers following the categorization after Strahler [61], 

represented by the x-axis. The y-axis draws the number of 1st, 2nd, 3rd, and 4th order rivers. 

The total overlapping percentage of both timely upgraded HC LSW and DN compared with the 

respective ones of GlobalLand30-Water derived areas is 65.5%. It was calculated by dividing the total 

GlobalLand30-Water overlap area into the total LSW + DN area. Contrarily, GlobCover 2009, 

GlobCorine 2009, and GLCNMO 2008 accuracies drop significantly to 37.1%, 45.1% and 27.6%, 

respectively, if the DN areas are included in the accuracy assessment (Figure 5). 

5. Discussion 

Assessment and intercomparison of remote sensing mapping products, especially of global scale,  

has been identified as a challenging process. Usual limitations include inconsistencies amongst accuracy 

assessments performed individually for each product, unavailability of adequate reference data or 

inappropriate sampling, and disparities in map spatial resolution or class definitions [62–64]. Several 

efforts have been undertaken to validate the accuracies of the different global land cover products. The 

validation efforts have been often performed individually for each product, using different approaches 

and reference data sets, while in a few cases comparative analyses involving some of the products have 

been performed [65–67]. Their reported global accuracies vary from 66.9% (IGBP DISCover), 67.5% 

(GlobCover 2009), and 68.6% (GLC2000), to over 70%, namely 76.5% (GLCNMO 2003) and 78.3% 

(MODIS) [16,23,67]. 

The validation process proposed in this study allows for a quantitative outcome in relation to the 

accuracy of four of the recent and commonly used global LU/LC products in detecting inland water 

bodies (e.g., lakes, permanent water bodies) and linear elements (e.g., rivers), as important layers of 

information in a variety of applications and decision making processes. Although individual assessments 

of the employed GlobalLand30-Water, GlobCover 2009, GlobCorine 2009, and GLCNMO 2008 

products have been presented in different studies [16,22,24,40], validation using a common reference 

layer has not been previously reported. The present study, thus, allows a straightforward verification of 

the products on a common ground. 
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The validation strategy of this study complies with the general notion that the only feasible way to 

acquire reference points for global mapping validation is by photointerpretation of high resolution data, 

compared with the lower resolution mapping products [62]. In particular, numerous studies have used Google 

Earth imagery (e.g., QuickBird, IKONOS) to validate products mainly from MODIS or Landsat, at a local 

or global scale, including urban areas [68], taiga–tundra transition zones [69], mangrove forests [70], irrigated 

areas [71], channels and oxbow-lakes [72], or oases in desert regions [73]. In this study, two further layers 

of very high resolution images, namely RapidEye imagery and airborne cadastral orthophotos, have been 

employed besides Google Earth imagery to create a high precision validation layer. 

As shown in Figure 5, the GlobalLand30-Water map identified LSWs with an accuracy of 91.9%. 

The achieved accuracy falls within the required error rates of 5%–15% reported by users as the maximum 

tolerable to be used in further modeling applications [74]. The respective accuracy for the GlobCover 

2009 product reaches 59%, and for the GlobCorine 2009 product 71.8%, while for GLCNMO 2008 up 

to 43.9%. This is a clear indication that the spatial resolution of the primary data used for land cover 

applications plays a significant role: moving from the coarse spatial resolution of 500 m to finer spatial 

resolution, the achieved accuracies seem to be improving, being doubled or more in resolutions of 30 m. 

Similar outcome may be derived by comparing the achieved accuracies for the detection of linear 

water elements, such as rivers. In this case the absolute accuracy of the GlobalLand30-Water product 

has decreased to 65.5%. However, its relative advantage over GlobCover 2009, GlobCorine 2009, and 

GLCNMO 2008 has further increased, compared with the reference LSW elements (Figure 5). In general, 

linear elements seem to be significantly harder to detect by any product, due to their width.  

The exclusion of landscape elements smaller than the map spatial resolution, under the ALT_A approach, 

slightly improved the detection results for all maps, with the coarse spatial resolution ones being more 

favored than the GlobalLand30-Water product, where a very slight improvement of less than 0.1% is 

observed, suggesting the efficiency of the product in detecting water bodies under real-life conditions. 

Nevertheless, under the ALT_A approach, the GlobalLand30-Water outperforms the GlobCover 2009 

and the GlobCorine 2009 products by 19.2%–27.5% (in terms of thematic accuracy) and the GLCNMO 

2008 product by 36.1%. In case only the LSW’s accuracies are compared, the picture is even sharper, 

which means that low to medium spatial resolution global land cover products, such as GlobCover 2009, 

GlobCorine 2009, and GLCNMO 2008 are not adequate to map the inland open water bodies in 

Mediterranean environments. 

6. Conclusions 

This study contributes to the global assessment of the improvement achieved by the production of 

global land cover layers; it demonstrates the applicability of GlobalLand30-Water product to surface 

water resources management in the region of Thessaly, an indicative region of the Northern 

Mediterranean, as a tool accurately detecting inland water. It covered a gap of validation about the 

performance of the newly released GlobalLand30 in Mediterranean conditions. Apart from the quantitative 

analysis of the adaptability of the GlobalLand30-Water map to the real conditions in the study area, it 

discussed and quantitatively demonstrated the trend that global land cover mapping follows nowadays, 

improving the spatial resolution from 500 m to 30 m. 
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The performance of four global land cover products was assessed, i.e., GlobalLand30-Water, 

GlobCover 2009 (class: 210), GlobCorine 2009 (class: 200), and GLCNMO 2008 (class: 20), to identify 

the LSW thematic class in the study area. The study utilized an object-based comparison approach to detect 

accuracies per land cover product. Reference layers were based on HC orthophoto maps and RapidEye 

and Google Earth image data. 

It was found out that 91.9% of the classified area by GlobalLand30-Water successfully coincides with 

the reference data layer. In comparison, the GlobCover 2009 achieved 59%, the GlobCorine 2009 

reached higher, up to 71.8%, whereas the GLCNMO 2008 performed lower than both, with 43.9% 

accuracy. The result allows concluding that a global land cover product with 30 m spatial resolution is 

accurate enough for the thematic assessment of land surface water bodies in the Mediterranean. In 

addition, for linear drainage surface water features, the use of an ancillary knowledge base about the 

area under investigation or higher spatial resolution imagery may be of benefit. 

It may be concluded that current remote sensing data and techniques may be efficiently used as 

sources for area estimation in global freshwater, comprehensive water balance, or climate change model 

studies. A more frequent coverage with high spatial resolution acquisitions according to a predefined 

harmonized scheme, as the one expected with the completion of the launch of the Sentinel fleet, will 

further improve capacity and accuracy of those estimates. Further studies in different areas  

and bio-geographical regions, demonstrating various framework conditions, are necessary to confirm 

authors’ findings and support the conclusions. 
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