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ANALYSIS OF THE PRECISION OF DIFFERENT DIGITAL MODELS OF GLOBAL
AND LOCAL ELEVATIONS IN CONTINENTAL ECUADOR, pp. 110-127 m

Currently, DEMs are inputs in multiple geoscience applications. Ecuador presents
three regions with topographic characteristics that influence the performance of the
DEM on altimetric precision. The main objective has been to analyze the precision
of five global models and the official local model of the country, using GPS points to
determine the level of adjustment of the DEM in the regions of Ecuador. The cities of
Macas (Amazonian basin), Quito (Highlands) and Guayaquil (Coastal lowlands) were
considered as study areas for each region. Statistics and spatial correlation / disper-
sion graphs were obtained with the R software, also with QGIS longitudinal profiles
of the models were performed. According to the statistics calculated, the local SIG-
TIERRAS model presents more auspicious results in the Highlands and Coast of the
country, with an RMSE of 2,498, 1,556 meters, while in the Amazon the ALOS model is
slightly better than the local DEM, with 5,792 meters of RMSE.

KEYWORDS: GPS points/leveling; altimetric precision; R software; DEM; ALOS;
SIGTIERRAS.

Actualmente, los DEM son insumos en multiples aplicaciones de las geociencias.
Ecuador presenta tres regiones con caracteristicas topograficas que influyen el
desempefio de los DEM sobre la precisidn altimétrica. El objetivo fue analizar la
precision de cinco modelos globales y el modelo local oficial del pais, usando puntos
GPS para determinar el nivel de ajuste de los DEM en las regiones del Ecuador. Las
ciudades de Macas (Amazonia), Quito (Sierra) y Guayaquil (Costa) se consideraron
como zonas de estudio de cada region. Estadisticos y graficos de dispersion/correla-
cién espacial se obtuvieron con el software R; ademds con QGIS se realizaron perfiles
longitudinales de los modelos. Segun los estadisticos calculados, el modelo local
SIGTIERRAS presenta resultados mds auspiciosos en la Sierra y Costa del pais, con
un RMSE de 2.498, 1.556 metros, mientras que en la Amazonia el modelo ALOS es
ligeramente mejor que el DEM local, con 5.792 metros de RMSE.

PALABRAS CLAVES: puntos GPS/nivelacion; precision altimétrica; software R; DEM;
ALOS; SIGTIERRAS.
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Introduction

Currently, awidely used way to representvariables
in geographic space is through a raster, in which
each pixel contains the value of the parameter
under analysis (Goodchild, 1992; DeMers, 2001;
Jasiewicz et al., 2018). The relief of the terrain is
avariable of greatimportance for studies of civil,
environmental, hydraulic works, and geosciences
in general (Massonnet & Elachi, 2006; Sharma et
al., 2009; Wacha et al., 2018). Height values are
usually presented as digital elevation models (DEM)
referred to a reference surface or vertical datum,
which are obtained from different techniques
such as radar interferometry, photogrammetry,
LIDAR, or remote sensing satellite data (Li et al.,
2018; Abdulhassan et al., 2021).

Nowadays it is also possible to generate DEM
through drones (Santise et al., 2014; Pardo et al.,
2017; Viera-Torres et al., 2020). However, the eco-
nomic benefit/time is not feasible for large areas
ofland, so global models are used that have been
made and made available by different space agen-
cies, such as the United States Geological Survey
(USGS), Japan Aerospace Exploration Agency
(JAXA), National Aeronautics and Space Adminis-
tration (NASA) besides others (Oyoshi et al., 2019;
Azizian & Brocca, 2020). Among the most popular
digital elevation models are the Shuttle Radar To-
pography Mission (SRTM), Global 30-Arc-Second
DEM (GTOPO30), Advanced Spaceborne Thermal
Emission and Reflection Radiometer (ASTER),
Advanced Land Observation Satellite - Phased
Arraytype L-band Synthetic Aperture Radar (ALOS
PALSAR), Global Multi-Resolution Topography
(GMRT), Global Multi-resolution Terrain Elevation
Data 2010 (GMTED2010), to name a few (Mukul
et al., 2017; Pakoksung & Takagi, 2021; Abrams et
al., 2020; Bouvet et al., 2018; Gupta et al., 2017).
In addition, there are government institutions,
such as the National Information System on Rural
Landsand Technological Infrastructure (or simply
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SIGTIERRAS) in the case of Ecuador, which was
the institution in charge of preparing the DEM at
thelocallevel for the entire country (Muhlenkort,
2011; Corral & Olea, 2020).

Each digital elevation model has specific cha-
racteristics; therefore, itis fundamental to consider
the type of study to be performed or its scale in
order to select one of them. The latter is direct-
ly related to the determination of the errors or
precisions of the DEM and their influence on the
quality of the derived products (Felicisimo, 1994).
Among the main factors that reduce the quality
of a model are raster spatial resolution (Hengl,
2007), technique used for interpolation (Pérez &
Frangois, 2009), terrain topography (Su & Bork,
2006), vertical and horizontal spacing (Fisher &
Tate, 2006) among others, which are responsible
for systematic and gross errors, and therefore, in
the relative precision of them.

The evaluation of the vertical precision of
DEM has been studied globally from various
points of view, with applications in hydrological
models (Munoth & Goyal, 2019; Wu et al., 2008),
archaeological works (Palacios & Leiva, 2018; 2019),
natural hazards (Jaboyedoff et al., 2012; Palacios
& Toulkeridis, 2020), coastal altimetry (Du et al.,
2016; Wang et al., 2018), to name a few. However,
at the country level there is very little research
that analyzes the degree of precision of digital
models for engineering applications (Mancero
et al., 2015), and even more so if the topographic
variability of continental Ecuador is considered,
including the Coastal lowlands, Highlands and
Amazonian basin, with mountainous areas, coastal
and jungle plains.

Therefore, the predominant objective of the
currentstudy has been to analyze the precision of
the most used digital models of global elevations
such as SRTM, ASTER, ALOS PALSAR, GMRT, GM-
TED2010, and the national model of SIGTIERRAS,
in cities of each region of continental Ecuador, by
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comparing with scattered vertical control points
and the calculation of descriptive statistics, in
order to demonstrate which of the models best
fits the topography of the most diverse regions of
continental Ecuador with the Coastal lowlands,
Highlands and Amazonian basin.

Materials and methods

DEM Features

The SRTM model belonging to NASA is obtained
by radar interferometry (Michalak, 2004; Yang et
al., 2011; Alganci et al., 2018). As of September 23,
2014, data at 1 arc-sec (*30 meters) were released
globally, which is a considerable improvement
since previously this resolution existed only for
the United States and 3 arc-sec (* 90 meters) inthe
rest of the world (Rabus et al., 2003). Version 3 of
the SRTM is used in the current study, the same
that fills in empty spaces with the DEM of the
ASTER GDEM2, and presents an absolute error of
geolocation of 9 meters, and an absolute error in
height of 6.2 meters in South America (Rodriguez
et al., 2019). Its vertical and horizontal datum is
EGM96 and WGS84, respectively.

Forits part, the GMRTis a global multiple reso-
lution model developed by the Marine Geoscience
Data System in collaboration with the United States
Academic Research Fleet (GMRT, 2020). This DEM
also provides high resolution bathymetric data
(100 meters), while its resolution for the earth’s
surfaceis similar to that of the SRTM, with 30 pixel
meters (Ryan et al., 2009). Like the SRTM, it uses
the same datums, both vertical and horizontal.

The ASTER digital elevation model was ge-
nerated by two institutions that are NASA of the
United States and the Ministry of Economy, Trade,
and Industry (METT) of Japan. In August 2019 they
launched the new version of the DEM known as
GDEM version 3, which also has a dataset for the
study of bodies of water (ASTWBD), whose pro-
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ducts are referred to the WGS84 datum (Abrams
etal., 2020). The first version of the ASTER model
was made using satellite stereoscopy of images
collected by the ASTER sensor on board the Terra
satellite, now the GDEM v3, as used in the present
study, which incorporates more stereo pairs to
reduce gaps and improve its coverage, keeping
the resolution at 30 meters (NASA, 2019).

As for the ALOS PALSAR model, it has been
developed by JAXA since 2008. In October 2014,
products with radiometric terrain correction (RTC)
were created within the Alaska Satellite Facility
(ASF) project using information from the syn-
thetic aperture radar (SAR), being geometrically
and radiometrically corrected on thin beam and
polarimetric scenes, with models of 12.5 and 30
meters of resolution and almost global coverage
(ASF, 2021). However, unlike the rest of DEM, the
ALOS model is referred to the WGS84 ellipsoid.
In this case, the raster with the best spatial reso-
lution was used.

Another global elevation model is proposed by
the USGS and the National Geospatial Intelligence
Agency (NGA) of the same country, which develo-
ped the GMTED2010 model, and which replaces
the GTOPO30 with better data on a world scale
(Poppenga and Worstell, 2016). This DEM provides
rasters of 30, 15 and 7.5 arc-sec, with precisions
expressed in mean square error values, between
25-42 m, 29 - 32 m, and 26 - 30 m, respectively
(USGS, 2018), which uses the EGM96 model as a
reference for its heights. This study worked with
the highest resolution.

The DEM SIGTIERRAS is a raster model develo-
ped within the program that bears the same name
and which was coordinated by two State portfolios
of Ecuador, being the Ministry of Agriculture and
Livestock (MAG) and the Ecuadorian Space Institute
(IEE) in 2012. It presents a variable spatial resolu-
tion of 3, 4and 5 meters for the Highlands, Coastal
lowlands and Amazonian region respectively. Its
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horizontal datum is SIRGAS 95 and the vertical
one EGM96. It was constructed by combining
LIDAR data and photogrammetric techniques,
with altimetric precision between 1.5to 3 meters,
depending on the region (SIGTIERRAS, 2016).

Study area

The cities of Quito, Guayaquil and Macas were cho-
sen as case studies for the analysis of the precision
ofthe different digital elevation models. These three
citiesrepresentthe three differentand mentioned
natural regions of continental Ecuador, being the
Coastal lowlands (Guayaquil), Highlands (Quito)
and Amazon (Macas). The idea of selecting areas
of each region is aimed at verifying the behavior
ofthe DEM in different terrain conditions, bothin
coastal plains with gentle slopes of the Coast, the
central mountain range with mountains and steep
slopes of the Highlands, and foothills mixed with
alluvial plains of the Amazon basin (FIGURE 1A).

Macas is a city, which belongs to the Morona
Santiago province, and is located on the eastern
bank of the Upano River, 40 km from the Sangay
volcano, towards the south of the Amazon region.
The city has 28035 inhabitants according to the
projection to 2021, and it is located spatially at 2°
17'54.94” of South Latitude and 78 ° 09’59.03” of
West Longitude, with an average height of 1010
masl (FIGURE 1B).

The city of Guayaquil is located on an alluvial
plain within the mouth of the Guayas River, within
the province of Guayas. Itis the second most popu-
lous city in the country with about two and a half
million inhabitants. Itis located at 2°10'05” South
Latitude and 79 ° 54'14” West Longitude and with
an average of 27 masl, located in the central-south
part of the Coast region (FIGURE 1c).

Finally, the city of Quito is the capital of Ecua-
dor, it is located in the province of Pichincha to
the north of the Sierra region. Its city sits on the
western flanks of the Pichincha stratovolcano
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along the Guayllabamba basin, very close to the
equator. Geographically it is located at 0°11'29”
South Latitude and 78°29’45” West Longitude, and
at 2.850 meters above sea level. It is one of the
most populated cities in the country with approxi-
mately three million inhabitants throughout its

metropolitan area (FIGURE 1D).

Obtaining control points

In order to control the altimetric precision of the
different DEMs, data belonging to GPS control
points were used with their respective height value
referred to the official vertical datum of Ecuador
(La Libertad tide gauge - Santa Elena province),
(Palacios, 2019). In the case of Guayaquil, the data
were collected by the Military Geographical Institute
of Ecuador (IGM) as inputs for photogrammetric
work, using double frequency GNSS antennas with
the differential static method and linked to the
GNSS Continuous Monitoring Network of Ecuador
(REGME). The height value was obtained through
second-order geometricleveling campaigns, with
a total of 290 points that served to compare its
value with the elevation models analyzed.

The control points for Quito also respond to
data collected by the IGM for photogrammetric
purposes and which are distributed throughout
the metropolitan urban area of the city. The values
in the horizontal component were obtained with
a double frequency GNSS antenna and linked to
the REGME, while the height value was obtained
through second and third order geometricleveling
campaigns, with a total of 48 vertices.

Finally, the control points for Macas derived
from the 20 vertices of the geodesic network of
Morona canton, which were surveyed with dual
frequency GNSS antennas through differential
static positioning and linked to the REGME, while
the height value was obtained with leveling geome-
tric of the first order. In addition to these data, 28
more points were used which are densifications of
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FIGURE 1. A: Location map of Ecuador and position of the three different study areas. B: Distribution of studied
points in Macas (Province of Morona-Santiago), within the Amazonian region. C: Distribution of studied points in
Guayaquil (Province of Guayas), within the Coastal lowlands. D: Distribution of studied points in Quito (Province of
Pichincha), within the Highlands
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the geodetic network, whose value in the vertical
component was calculated by GPS leveling, with
the following equation (Banerjee et al., 1999):
AN = (hy —hy) — (Hy — Hy)

Where AN is the geoid undulation or separation
between the geoid and ellipsoid at the unknown
point; h, and h, are the ellipsoidal heights of the
unknown and known point respectively, H, and
H represent the orthometric heights of the unk-
nown and known point respectively. In this case,
since the objective is to obtain H,, the previous
equation may be expressed as follows:

Hy =Hi+ (hy —hy) — (g —ny)
Where n,and n arethe geoidal undulation values
for the unknown and known points respectively.
Fromthe EGMo08 gravimetric model, the undulation
values were taken for both points, thus eliminating
the systematic errors of the GPS leveling method
(Fotopoulos et al., 2003), and the height value for
each vertex was obtained.

Calculation of height differences
and statistics

The height values were extracted from each DEM
using the Point Sampling Tool plugin of the free
software QGIS, based on the shapefile of the control
vertices for each city. In addition, a graph of the
longitudinal profiles of each digital model was
made in order to observe their behavior in the
differenttopographic conditions of the regions of
Ecuador, through the QGIS Terrain Profile plugin.
The statistics to evaluate the precision of the DEM
analyzed in the present study were the mean error
(ME), mean square error (RMSE) and the standard
deviation (o). Pearson’s coefficient and scatter
plots and spatial correlation were also calculated
in order to observe the underlying spatial depen-
dence between the elevation values of each DEM
and the heights leveled with the control points.
All these calculations were conducted with the
free software R.

VAN FERNANDO PALACIOS OREJUELA
& THEOFILOS TOULKERIDIS

Results and discussion

Based on the aforementioned methods used in the
current study, the resulting values of the statistics
calculated in order to analyze the quality of the
DEM in each of the cities were summarized in
TABLE 1. Among the three statistics used to evaluate
the altimetric quality of the different DEMs, it is
necessary to differentiate them and know their
limitations. The EM is an indicator to determine
the presence of bias or bias in the model (the hi-
gher the value, the greater the bias), but it is not
an adequate criterion to validate the precision
of a model. On the other hand, the standard de-
viation is contextualized as the dispersion of the
data with respect to an exact value. This statistic
isbetterinterpreted to determine a value interval
at a certain percentage of confidence (Palacios,
2020). The RMSE is presented with a more robust
indicator in order to evaluate precision, whose
value should be as low as possible, since it mini-
mizes the underlying errors of the analyzed data
set (Palacios, 2019). Therefore, in this work the
resultof the RMSE was considered as an indicator
to determine the most accurate digital model in
the regions of Ecuador. Additionally, Shapiro-Wilk
and Kolmogorov-Smirnov normality tests of height
values were performed, whose results were allless
than p value 0.05, so they are normal (Palacios
et al., 2021). This agrees with the scatter plot and
frequency histogram (FIGURE 4). In addition, in
the R software, the residuals of the heights were
analyzed, which follow a normal distribution,
so it complies with the statistical assumption for
the calculation of the RMSE (Carrera et al., 2021).

According to the results listed in table 1, in
the three study areas that represent the regions
of continental Ecuador, the GMRT2010 model
presented the highest RMSE in all cases, therefore,
it is the DEM that least adjusts to the values real
height. In the city of Quito, the SIGTIERRAS digital
model obtained the lowest RMSE with 2.498 m, as
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TABLE 1. Statistics calculated to analyze the precision of the DEM

Quito
DEM EM (m) RMSE (m) o (m)
ALOS PALSAR 0.210 3.725 3.758
SRTM 1.421 3.604 3.347
ASTER -2.204 6.228 5.887
GMRT2010 0.077 21.336 21.561
GMTED 3.026 10.949 10.634
SIGTIERRAS -0.891 2.498 2.359

Guayaquil

DEM EM (m) RMSE (m) o (m)
ALOS PALSAR 2.145 417 3.521
SRTM 1.905 4.314 3.877
ASTER -8.088 12.309 9.294
GMRT2010 -6.440 13.723 12.139
GMTED 2.146 8.246 7.976
SIGTIERRAS -0.642 1.556 1.420

Macas
DEM EM (m) RMSE (m) o (m)
ALOS PALSAR 3.599 5.792 4.586
SRTM 0.919 6.249 6.247
ASTER -4.206 11.123 10.407
GMRT2010 -9.337 15.200 12121
GMTED -0.372 12.468 12.594
SIGTIERRAS -4.568 7.428 5.919

well asits standard deviation with 2.359 m, which
translates into a confidence interval of + 4.623 m
at 95% confidence. The DEM SRTM and ALOS
PALSAR reached an RMSE of 3.604 and 3.725 m,
respectively. Therefore, they can also be considered
as elevation models with auspicious performance
in topographic conditions of the Sierra region,
after the SIGTIERRAS model.

Regarding the city of Guayaquil, the results are
similar to those found in the northern region of
Ecuador, with the SIGTIERRAS model as the DEM
that reached the lowest values in the three statis-
tics analyzed (mean error -0.642 m; RMSE 1.556
m; deviation standard 1.420 m), compared to the
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restofthe digital models studied. The confidence
interval calculated with the SIGTIERRAS values is
+2.783 m at 95% confidence, that is, half of that
determined in Quito. Also, the ALOS PALSAR and
SRTM models are again presented as DEM with
good performances, where the ALOS is being sli-
ghtly better than the SRTM in this case, according
tothe RMSE values, with promising values for use
in almost flat reliefs of the Coastal region.

In the city of Macas, unlike the two previous
cases, the DEM thatachieved the best performance
was the ALOS PALSAR model with an RMSE of
5.792 meters, which corresponds to an interval
of +8.988 m at 95% confidence, being the highest
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for the three cases analyzed. The SRTM model
is presented as the second DEM with the lowest
RMSE (6.249 meters), followed by the SIGTIERRAS
DEM with an RMSE of 7.428 meters. The results
achieved with the ALOS PALSAR model may be
related to the way of obtaining this DEM, since the
SAR information by its wavelength can penetrate
the forest cover and collect the real surface of the
land, which is necessary for extensive forest areas
in the Amazon region.

As mentioned above, most digital elevation
modelsarereferredtoavertical datum (EGM96), so
their height values can be used directly. However,
the DEM ALOS PALSAR is referred to the WGS84
ellipsoid, so before using such information, it is
necessary to convertto heights above sealevel. In
orderto conductthis, the conventional formula of
geoidalundulationisused, which allowsthe heights
oftheellipsoid to be passedtothe geoid (considered
in practical terms close to mean sea level):

N=H-h

Where N is the geoidal undulation, H is the or-
thometric height ~ mean sea level, and h is the
ellipsoidal height. From the ALOS model itself,
the ellipsoidal height values are extracted, while
the geoidal undulation values were extracted from
the EGMo08 geopotential model. This digital model
works on a mathematical surface (ellipsoid) to
apply radiometric terrain correction to PALSAR
data. By means of a graph of the height errors
found, the behavior of the digital models can be
better observed by analyzing them, as demons-
trated in FIGURE 2.

Inall cases, itis denoted that the DEM GMRT2010
and GMTED present the largest errors, in accor-
dance with the statistical results listed in table
1, which may be due to several factors such as
spatial resolution, probably mainly in the case
of GMTED (Saksena & Merwade, 2015; Shi et al.,
2014), which is the largest of all the digital models
analyzed, while in GMRT2010 it can be attributed
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to the control points used for its processing, the
same ones that are found to a lesser extent in
South America, compared to North America and
Europe (Ryan et al., 2009). On the other hand, itis
observed thatthe error graphs of the three models
that obtained the best performances (SIGTIE-
RRAS, SRTM and ALOS PALSAR). Their behavior
is similar in all the cases analyzed, as illustrated
in the longitudinal profiles of each DEM for the
study regions (FIGURE 3).

When making longitudinal transects on the
relief of the study areasin each region of Ecuador,
itis observed that the behavior of the DEM in the
Highlands, present divergence in the peaks or
mountainousareas, with peaksand separations be-
tweenthem, whichis consistentwith several studies
thathave found similar conditions (Mancero etal.,
2015; Yaoetal., 2020). Regarding the performance
of digital elevation modelsin the Coastal region, it
isencounteredthatin flatareas, elevation models
perform best (Zhao et al., 2011), being the DEM
SRTM, ALOS PALSAR and SIGTIERRAS those that
are juxtaposed almost in their entirety, agreeing
with the calculated statistics and, therefore, better
represent the reality of the terrain.

The longitudinal profile performed in the
Amazonian city of Macas, demonstrates the varia-
bility of the terrain in this region of the country, in
which part of steep areas, river plains and dense
forest cover are combined. In this case, it can be
observed again thatin mountain or foothill areas,
the behavior of the DEM is uneven, with protruding
peaks, as well as in the flatter areas they conver-
ge again with more notoriety. Due to the spatial
heterogeneity thatthe relief of Ecuador presents,
it is important to know the performance of each
model to opt for the DEM that allows achieving a
better performance for the required work. Mainly
in steep areas or mountain tops that could lead
to some underlying error for the determination
of characteristics of the model and the products
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FIGURE 2. Graph of errors in height of each DEM analyzed in the cities of: a) Quito; b) Guayaquil; ¢c) Macas
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derived fromit, or alternatively in areas with dense
vegetation cover as an additional variable to the
relief of the land where, according to the method
of obtaining the DEM, it will better represent the
reality of the territory.
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Although itistrue the surface of the regions of
Ecuadoris much more extensive than the analyzed
territory in the three cities mentioned, however,
the topographic conditions of each region do not
differ in themselves throughout its extension, so
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FIGURE 3. Longitudinal profile generated with the DEMs analyzed, in the three case studies: a) Quito, b) Guayaquil,
c) Macas. The color palette represents a digital model, as follows: red - ALOS, yellow - SRTM, green - SIGTIERRAS,
black - GMRT2010, blue - GMTED, orange - ASTER

a)
b)
0 oo 6000 8000 1000
Distan
1200
110
) 3
2 1000
Uy om0
X

6000

the results obtained on the study areas may be
extrapolated to the rest of the areas of continental
Ecuador, respectively. It should be noted that it
is not a unique condition, since the values of the
statistics will depend, among other factors, on

the number of control points used, the method of
obtaining the value of the height of the vertices,
and therefore the precision of them.

By having GPS control points, there is a more
precise value for the comparison and validation
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of the different DEMs. The scattered and random
distribution avoids a possible biasin the calculation
of the error statistics. In the current study, GPS
points combined with first order geometric leve-
ling (in Macas), as well as second and third order
(in Quito and Guayaquil) were used, that is, the
precision of the sampled points guarantees greater
accuracy in the selection of one or other DEM.

In addition, a dispersion and correlation gra-
ph was performed using Pearson in which two
determinations are mainly evidenced. The first
is that regardless of the spatial resolution of the
raster model, the height values present a normal
distribution. In the second, all the Pearson coe-
fficient values are above 0.96 in relation to the
scattered data of height of the control points used,
and that could have caused the sample correlation
(Cumming, 2014; FIGURE 4).

One of the most used applications with DEMs
is the extraction of natural drains. Although the
resolution of the elevation modelin principle pro-
vides a greater detail of the terrain, its resolution
does not unequivocally guarantee that the data is
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free of noise and errors that were generated by
the technique of obtaining the raster, which could
affectthe correct extraction of geomorphological
and hydrological characteristics (Niipele & Chen,
2019). In this sense, to contrast the results found,
drainage extraction was conducted with the three
DEM that presented the most auspicious results
of RMSE, being ALOS, SIGTIERRAS and SRTM, in
order to compare the drainage network genera-
ted with each of these elevation models as seen
in FIGURE 5.

The results found in the extraction of drains
with the three digital elevation models, reflects the
benefits and limitations that these present for the
real representation of the territory. As observed
in FIGURE 54 and 5B, the network of drains derived
fromthe DEM ALOS, SRTM and SIGTIERRAS have
a very good agreement between their products,
with slight differences mainly in the minor drains,
butwhich in general terms are similar. However,
the drainage network obtained for the case study
of the Amazon region (FIGURE 5¢), denotes a clear
divergence between the results of the SIGTIERRAS

FIGURE 4. Correlation graph between the control heights and the DEMs analyzed
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FIGURE 5. Drainage network extracted from the DEM of ALOS, SRTM and SIGTIERRAS, in the three study cases:
a) Quito, b) Guayaquil, ¢) Macas. The color palette represents a digital model, as follows: red - SIGTIERRAS,
green - SRTM, black - ALOS

vao's

N / \\
X
[
il

043s

a)

oy

0 yas

0TS

fas %k
;%

)
o

22405

224308

2 25m's

b)

IR

22530°8

rx\\%/]

Pane
— z’CL
= -

%
Jes

”}%V@"

78 UV wITW 7B 3030w

21

130's

2

9]

21208

r1230'8

B

model with those of ALOS and SRTM, while the
global ALOS and SRTM models have good agreement
between their drains, the local model erroneously
indicates natural channels elsewhere.

With the performed example of the extraction
of hydrological characteristics, such as natural
drainages, it can be indicated that in the Coastal
lowlands and Highlands regions of Ecuador, the
three DEMsused presenta good coherence between

TEI0I0W 50T

them, while in the Amazon region, the divergent
behavior of the derived product with the local
model (SIGTIERRAS) reflects problems for the
extraction of drains, unlike the global ALOS and
SRTM models. The latter may be related to the
way in which the national DEM was generated,
since for the Coastal and Highlands region pho-
togrammetric data were combined with LIDAR
(SIGTIERRAS, 2016), and in the Amazon little or
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nothing was applied the same criteria for obtaining,
producing errors like the ones shown.

A quantitative way to evaluate the precision
of the characteristics extracted from the DEMs is
by calculating the line correspondence coefficient
(CLC), which allows identifying coincident (or not)
linear geometries between two separate drainage
networks (Stanislawski et al., 2018). CLC is calcu-
lated using the following expression:

ac-3 ()

Where L  is the sum of the length of the lines
(drains) that coincide between both data sets
(DEM), and L, represents the sum of the length
of the total of lines in both data sets. CLC ranges
from oto 1, where the unit represents a complete
match between the two data. In this case, the CLC
values were obtained between the three digital
models ALOS PALSAR, SRTM and SIGTIERRAS,
compared to each other, the results of which are
shown in TABLE 2.

With the results of the line correspondence
coefficient, the achievable precision of the products
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generated with the digital elevation models that
presented a better RMSE is reflected, where the
CLC values found in the littoral zone (Guayaquil)
denote a good coincidence between the drains
extracted (mainly between ALOS and SIGTIERRAS).
Inthe northernzone (Quito) the highest CLC values
were obtained, and therefore greater coincidence
between the drainage networks extracted, whilein
the eastern region (Macas) the CLC value reflects
again that the local SIGTIERRAS model presents
errors in its product, unlike the ALOS and SRTM
models that reached high coincidence values.
Finally, astheywereverified with the values of the
statistics, as with the example applied to hydrology,
the pixel sizeisnotan absolute determining factor
forthistype of spatial data, since they presentnoise
thatinfluences their height values, and therefore
in the derived products obtained with these, and
that in the case of the local model for Ecuador,
can be attributed to the way it was generated,
mainlyinthe Amazon region where there are also
gaps of information. Another point to highlight is
that the potentiality and concordance of the data

TABLE 2. CLC results in the three study areas

Quito
ALOS PALSAR SRTM SIGTIERRAS
ALOS PALSAR 0.758 0.841
SRTM 0.758 0.712
SIGTIERRAS 0.841 0.712
Guayaquil
ALOS PALSAR SRTM SIGTIERRAS
ALOS PALSAR 0.624 0.751
SRTM 0.624 0.592
SIGTIERRAS 0.751 0.592
Macas
ALOS PALSAR SRTM SIGTIERRAS
ALOS PALSAR 0.753 0.153
SRTM 0.753 0.105
SIGTIERRAS 0.153 0.105
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fromthe global models, specifically from the DEM
SRTM and ALOS PALSAR, was verifiedin the three
regions analyzed in this study, which is why they
continueto bewidelyusedinvariousapplications,
including as covariates with multispectral satellite
images (Salah, 2021; Wanget al., 2020), or geodetic
applications (Palacios et al., 2021).

Conclusions

Of the six digital elevation models analyzed, the
DEMs from SIGTIERRAS, ALOS PALSAR and SRTM
are the ones with the highest altitude precision.
For the SIGTIERRAS model, an RMSE of 2.498,
1.556 and 7.428 meters was obtained, with ALOS
PALSAR an RMSE of 3.725, 4.117 and 5.792 was
reached, while with the SRTM model, an RMSE
of 3.604, 4.314 and 6.249 meters was reached in
Quito, Guayaquil and Macas, respectively.

VAN FERNANDO PALACIOS OREJUELA
& THEOFILOS TOULKERIDIS

Accordingto the values of the statistical indica-
tors calculated, the SIGTIERRAS model performs
more favorably in the topography of the Coast
and Highlands, while the ALOS PALSAR model
better adjusts to the topographic conditions of
the Amazon region of Ecuador.

The analysis of the quality of the DEM is of vital
importance to know the limitations in its use, the
errors that can be assumed up to certain scales of
work and the applicationsin different branches of
engineering, since the precision of the products
generated with the digital models considered.

By comparingitwith more exact height values,
such as those derived from GPS/leveling control
points (geometric or GPS), it was possible to eva-
luate the real precision of the DEM studied, with
which it was possible to infer which ones were
more auspiciousto use according to the conditions
of the relief in the regions of Ecuador.
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