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Abstract.   

 

Currently, many of the practical engineering and 

environmental applications require a digital 

elevation model (DEM) as an important scientific 

input causing variations in the quality of the 

results in an application depending on the 

accuracy of the DEM. The availability of fused or 

assimilated DEMs at a global scale is a recent 

development strengthening the topographic 

studies and modeling of the related phenomenon. 

Openly accessible EarthEnv-DEM90 is 

generated by the fusion of ASTER GDEM2 and 

CGIAR-CSI v4.1 (SRTM 90m) products using 

rigorous techniques for enhanced quality under a 

collaborative project of NASA known as 

EarthEnv project. Whereas the other publicly 

available Multi-Error-Removed Improved-

Terrain (MERIT) DEM is the product generated 

by Dai Yamazaki (University of Tokyo) using 

SRTM3 v2.1 and AW3D-30m v1 along with 

supplementary datasets available in different 

regions of the globe and primarily focusing it for 

global hydrodynamic modeling. In this study, 

EarthEnv-DEM90 and MERIT DEM are 

evaluated using ground control points (GCPs) 

acquired through the differential global 

positioning system (DGPS) surveys at the three 
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experimental sites with varied landforms and 

consequent topography. The resulting DEM 

statistics can assist an application scientist in the 

selection of a suitable fused DEM product with 

improved accuracy for specific applications in 

comparison to individual DEM products. Mean 

error (ME), Mean absolute error (MAE) and root 

mean square errors (RMSE) were computed and 

revealed that MERIT DEM performs better in 

plains of Kendrapara site with RMSE as 4 m. 

However, the EarthEnv-DEM90 achieves better 

accuracy in moderate topography at Jaipur site 

and rugged topography at Dehradun site with 

RMSE of 3.05m and 6.55m respectively. 
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Introduction  

 

The recent developments in the field of DEM fusion or DEM assimilation have resulted in additional 

availability of improved DEM to the user community. However, these fused DEMs need evaluation for 

their accuracy before utilization in an application, since the results of these will vary with different 

complexities in the terrain. Openly accessible fused DEMs namely, EarthEnv-DEM90 DEM and MERIT 

DEM are currently available for the users for incorporation in their modeling applications specifically. 

EarthEnv-DEM90 datasets can be downloaded free of charge from the website: 

http://www.earthenv.org/DEM.html [1]. Similarly, MERIT DEM datasets are accessible and can be 

downloaded free of charge from the website: http://hydro.iis.u-tokyo.ac.jp/~yamadai/MERIT_DEM [2]. 

The performance of these fused DEMs will depend on the type of landforms constituting the topography 

of a specific experimental site.  

 

The current popular practice is to generate DEM mostly using photogrammetry [3]–[9] and Synthetic 

Aperture Radar Interferometry (InSAR) followed by DEM derivative [10]–[14] and morphometric 

analysis [15]–[19]. It is also important to observe the nature of the error in the DEMs, such as the 

presence of floating and digging mass points, which affect the DEM derivatives such as slope and as an 

effect of smoothening of DEMs [20]. The Earth geoid models represent the equipotential gravitational 

surface, which is required for the transformation of coordinates between various datums and is a 

prerequisite for applications in cartography, photogrammetry, geophysics, and oceanography [21]–[23]. 
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Tan et al. studied the effect of DEM on the Soil & Water Assessment Tool (SWAT) model and evaluated 

RMSE of EarthEnv-DEM 90, which is found to be higher than that of SRTM v4.1 and ASTER GDEM2 

[24]. DEM fusion or assimilation techniques are also used by researchers for improved accuracy of DEM 

and its products [1], [2], [25]–[30]. The latest techniques of convolutional neural networks and transfer 

learning are being implemented for increasing the information content in a DEM [31]. Separation of 

shadows from water bodies is also done using DEM for the development of Global  3 arc-second Water 

Body Map (G3WBM) [32]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Location map of the MERIT experimental sites with DEMs 

 

MERIT DEM has been assessed for six experimental sites (Figure 1) at Dehradun, Kendrapara, Jaipur, 

Delhi, Chandigarh, and Shivalik hills near Kalka with detailed analysis using Statistical parameters like 

RMSE, ME, MAE, the linear error at 90% confidence level (LE90=STD*1.65) and standard deviation 

[33]. Openly accessible DEMs are assessed for Dehradun, Kendrapara, Jaipur, Ahmedabad, 

Bhubaneshwar, and Rishikesh depicting the variations in the accuracy among the various DEMs in 

topographic regions with varying complexity [30], [34], [35]. Similarly, Yamazaki et al have analyzed 

global sites for MERIT DEM datasets [36]. The current study presents the results of three sites at 

Dehradun, Kendrapara, and Jaipur for evaluation of EarthEnv-DEM90 datasets and further comparison 

with MERIT DEM.  

 

Materials and Methods  

 

MERIT DEM and EarthEnv-DEM90 datasets were downloaded from the respective websites for the 

three experimental sites at Dehradun, Kendrapara, and Jaipur. GCPs collected using DGPS mode, were 
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utilized for evaluation of the EarthEnv-DEM90 and compared to MERIT DEMs at the three 

experimental sites. The statistical parameters for quality assessment of DEM such as ME, MAE, and 

RMSE were calculated as described in Figure 2 to assess the performance of the method or the model 

applied in DEM fusion. The inference on the nature of the terrain undulations or the topographic 

ruggedness is based on the analysis of the difference between the ME and the MAE representing the 

accuracy of the fused DEM products (MERIT DEM and EarthEnv-DEM90). MAE is mathematically 

linear whereas the RMSE is quadratic and thus implies equal weightages to errors in case of calculating 

MAE. However, RMSE has a relatively high weight to large errors because the errors are squared before 

averaging. 

 

 

              Figure 2: Flowchart for Quality Assessment of openly accessible fused DEMs 

The elevation values extracted from the DEMs were calculated to the same datum using equation 1. 

Here, N is the Geoid Height, hGPS is the GPS elevation at the GCP location in WGS84 (World Geodetic 

System 1984) datum and HEGM is the orthometric height with respect to the EGM96 Earth gravitational 

model. The ME (equation 2), MAE (equation 3) and RMSE (equation 4) were calculated using respective 

equations. 

 

HEGM = hGPS – N (1) 

 

 

ME =
∑ 𝑧𝑖(𝐷𝐸𝑀) − 𝑧𝑖(𝑅𝐸𝐹)
n
i=0

n
 

(2) 
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MAE =
∑ ∣ 𝑧𝑖(𝐷𝐸𝑀) − 𝑧𝑖(𝑅𝐸𝐹) ∣
n
i=0

n
∗ 100 

(3) 

  

 

𝑅𝑀𝑆𝐸 = √∑ (𝑧𝑖(𝐷𝐸𝑀) − 𝑧𝑖(𝑅𝐸𝐹))
2𝑛

𝑖=1

𝑛
 

(4) 

 

where zi (DEM) is the extracted elevation from the fused DEM dataset and zi (REF) is the observed reference 

elevation at the GCP locations with i=1 to n. 

 

Results and Discussion 

 

Table 1 describes the statistical evaluation of EarthEnv-DEM90 and compares it with MERIT DEM at 

the experimental sites at Dehradun, Kendrapara, and Jaipur. ME, MAE and RMSE reveals that the 

MERIT DEM performs better in plains of Kendrapara site with RMSE as 4 m in comparison to 

EarthEnv-DEM90 having RMSE of 4.22m. However, the EarthEnv-DEM90 has better accuracy in 

moderate topography regions at Jaipur site and highly undulating topography at Dehradun site with 

RMSE of 3.05m and 6.55m; as compared to RMSE of MERIT DEMs as 3.27m and 7.82m respectively. 

RMSE is not a good indicator of average model performance in specific situations and may be a 

deceptive indicator of average error, and thus the MAE can represent a better statistics for that purpose 

[37], [38]. 

 

          Table 1: Vertical accuracy measures computed for the three experimental sites 

Experimetnal Sites ME (m) MAE (m) RMSE (m) 

DEMs-90m MERIT EarthEnv MERIT EarthEnv MERIT EarthEnv 

Jaipur Site 1.37 0.70 4.03 2.28 3.27 3.05 

Kendrapara site -3.33 -3.64 3.33 3.64 4.00 4.22 

Dehradun Site 3.17 0.57 4.79 5.42 7.82 6.55 

 

The results of ME and RMSE also depict that the ME values can be very low and still has a higher RMSE 

as shown in Table 1 for the study sites at Jaipur and Dehradun. This especially occurs when the DEM 

has mass points in both floating (hanging) and digging, i.e. above and below the surface of the earth, 

which implies the overestimation and underestimation of the elevation values respectively. LE90 can be 

calculated directly from RMSE (LE90=1.65 X RMSE) [39], [40], and thus has not been shown separately 

in table 1. The negative ME at Kendrapara site which is equal to MAE except for the sign, indicates that 

all the elevation points in the MERIT, as well as EarthEnv DEMs, are above the earth’s surface at GCP 

locations representing the overestimation of elevation values. It is also observed that for the plain 

experimental site at Kendrapara the performance of CartoDEM R3 V1 (RMSE= 2m) dataset available 

on the ISRO platform is superior to both EarthEnv-DEM90 and MERIT DEM products [30]. 
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Conclusion 

 

The results depict that different available fused DEMs perform differently in varying terrain conditions 

prevailing at the experimental sites. The study concludes that the fused DEM shall be selected through 

a quality assessment before further use in any application. Additionally, the fused DEM shall also be 

assessed with regard to the DEMs, which are available freely and not used in the DEM fusion or 

assimilation process. In the study presented here, it can be observed that the CartoDEM V3 R1, has 

better quality, especially in the plain experimental site of Kendrapara. This improvement can be 

attributed to reasons such as the better spatial resolution of Cartosat-1 stereopairs, adequate base-height 

(b/h) ratio, and use of GCPs in the photogrammetric procedures for the development of CartoDEM V3 

R1 including the DEM editing in the generation of consequent versions of DEM. 
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