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ABSTRACT. This study focuses on the seasonal analysis and quantification of the morpho-sedimentary dynamics
of transverse dunes in the Ternata oasis (Morocco) It is based on an integrated methodological approach that
combines topographic surveys conducted using a LEICA TS 02 total station, along with spatio-temporal data
processing and analysis using GIS software. The primary objective was to monitor the morphological evolution of
the dunes over the four seasons of the year 2023. Descriptive and cartographic approaches also contributed to
refining the understanding of the internal dynamics of these aeolian forms. The results highlighted a general trend
toward accumulation, evidenced by a notable increase in the volume and surface area of the two dunes analyzed.
Regarding dune mobility, the topographic measurements revealed differentiated displacements depending on the
orientation of dominant winds and local topographic constraints. These spatial and directional divergences
underscore the combined influence of wind regimes, geographic positioning, and the geometric characteristics
specific to each dune. Moreover, the seasonal analysis revealed a contrasting dynamic marked by strong morpho-
sedimentary variability. Dune n° 1 displayed an unstable evolution, with a significant volumetric increase until
summer, followed by a sharp decline in autumn—reflecting an alternation between dominant erosional phases
(spring—summer) and accumulation phases (autumn). Dune n° 2, on the other hand, exhibited a more extreme
dynamic, with a volumetric peak in summer that is rapidly reversed in autumn, indicating its heightened sensitivity
to wind activity.

Anadlisis estacional y cuantificacion de la dinamica de dunas arenosas en el oasis de Ternata (Dria
Medio, Marruecos) a partir de levantamientos topogrdficos y sistemas de informacion geogridfica
(SI1G)

RESUMEN. Este estudio se centra en el analisis estacional y la cuantificacion de la dindmica morfosedimentaria
de las dunas transversales en el oasis de Ternata (Marruecos). El analisis se basa en un enfoque metodologico
integrado que combina levantamientos topograficos realizados mediante una estacion total LEICA TS 02, junto
con el tratamiento y analisis espaciotemporal de los datos utilizando SIG. El objetivo principal fue el seguimiento
de la evolucion morfologica de las dunas a lo largo de las cuatro estaciones del afio 2023. Los enfoques descriptivo
y cartografico contribuyeron igualmente a profundizar en la comprension de la dindmica interna de estas formas
edlicas. Los resultados ponen de manifiesto una tendencia general hacia la acumulacion, evidenciada por un
aumento significativo del volumen y de la superficie de las dos dunas analizadas. En cuanto a la movilidad dunar,
las mediciones topograficas revelaron desplazamientos diferenciados en funcion de la orientacion de los vientos
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dominantes y de las restricciones topograficas locales. Estas divergencias espaciales y direccionales subrayan la
influencia combinada de los regimenes de viento, la posicion geografica y las caracteristicas geométricas propias
de cada duna. Asimismo, el analisis estacional revela una dindmica contrastada marcada por una fuerte variabilidad
morfosedimentaria. La duna n° 1 present6 una evolucion inestable, con un incremento volumétrico significativo
hasta el verano, seguido de un descenso acusado en otoflo, lo que refleja una alternancia entre fases erosivas
dominantes (primavera—verano) y fases de acumulacion (otoflo). Por su parte, la duna n® 2 mostr6 una dinamica
mas extrema, con un maximo volumétrico en verano que se revirtid rapidamente en otoflo, lo que indica una
elevada sensibilidad a la actividad edlica.
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1. Introduction

In Morocco, as in other North African countries, wind dynamics represent a major
environmental challenge, compromising both soil fertility and the sustainability of economic activities
(Benbih et al., 2025a), particularly in the arid and semi-arid regions of the southeast. Approximately
250,000 ha of land in these areas are threatened by sand encroachment, both along the Atlantic coasts
and in inland regions such as the Drda and Tafilalet, where the intensity of aeolian processes is
exacerbated by climatic and anthropogenic factors (FAO, 1986).

Recent studies estimate that nearly 15,000 ha of oasis zones in southeastern Morocco are already
covered by sand, while similarly sized areas remain severely exposed to this phenomenon (FAO, 2016).
This dune encroachment results in an alarming retreat of agricultural lands, jeopardizing the food
security of local populations. The oases of the Draa and Tafilalet experience an estimated annual loss of
500 ha of arable land due to progressive sand encroachment, highlighting the growing pressure on local
natural resources (Ait Hamza et al., 2010).

Today, Moroccan oasis systems, particularly those of the Middle Draa Valley, are undergoing
severe degradation, resulting from a complex interplay of climate change impacts, demographic
pressures, and accelerating urbanization (Ait Hamza et al., 2010; Benbih et al., 2023; Benbih et al.,
2026; Beraaouz ef al., 2019; Moumane ef al., 2022). In this concerning context, a deeper understanding
of the mechanisms governing wind dynamics in the arid oasis environments of southeastern Morocco
becomes essential. The present study adopts a geomorphological approach aimed at analyzing the
processes of formation, evolution, and impact of dune forms on oasis ecosystems.

Dunes have long attracted the interest of travelers and explorers, and later of planners and
researchers, especially since the 19th century (Callot and Crépy, 2018). However, the understanding of
the mechanisms related to their genesis, morphological evolution, and displacement dynamics initially
proved complex due to the lack of appropriate observation and investigation methods. The scientific
study of aeolian dynamics and dune forms truly gained momentum with the foundational works of
Bagnold (1941), followed by those of Fryberger (1979), McKee (1979), Tsoar (1984), Ungar and Haff
(1987), McEwan (1993), McKenna Neuman and Nickling (1994), Lancaster (1995), Livingstone and
Warren (1996) and Goudie et al. (1999). These contributions laid the conceptual and experimental
foundations for analyzing wind-related processes in desert environments. Today, this approach has been
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significantly enhanced through the integration of geospatial technologies, such as satellite imagery and
remote sensing (Adesina ef al., 2024; Anthony et al., 2021; Benbih ef al., 2025b; Bijaber et al., 2024;
Nmiss et al., 2025a, 2025b; Rahman, 2025), which allow for continuous, multi-scale, and high-
resolution observation of arid landscapes (Atiki et al., 2021; El-Bouhali et al., 2024). The widespread
availability of satellite images with resolutions equal to or less than 10 meters has greatly facilitated the
mapping and spatio-temporal analysis of dune systems (Aydda et al., 2020; Benbih et al., 2025c;
Elbelrhiti, 2011; Nmiss et al., 2025a, 2025b).

This study focuses on active dune forms, composed of loose and unconsolidated sands (Cailleux
and Tricart, 1959), which reflect a high aeolian transport potential. These forms, mainly transverse
dunes, are characterized by the high mobility of their sandy material. The primary objective of this
research is to monitor, analyze, and quantify the seasonal dynamics of sand dunes in the Ternata oasis,
with a particular focus on the spatio-temporal variations in their mobility and morphology. A spatialized
database will be developed, incorporating measurements of transported sand mass. This database will
provide an accurate environmental assessment of the site and serve as a decision-support tool for
planners and land managers. The findings are expected to guide sustainable management strategies and
risk prevention measures related to sand encroachment in this region, which is particularly vulnerable
to global changes.

2. Study Area

Ternata is situated in the upper reaches of the Middle Draa basin, on the left bank of the Draa
River. It lies east of the villages of Boukhlal and Zaouiat El Hana, and downstream of the Tinzoulin
oasis, between latitudes 21°30" and 23°30' north, and longitudes 5°47" and 5°43’ west. Covering an area
of approximately 500 ha, the site benefits from relatively easy access due to its proximity to the city of
Zagora (less than 20 km), thereby enhancing its economic and touristic significance (Fig. 1).

From a morphological standpoint, Ternata is predominantly characterized by transverse sand
dunes, whose lengths range between 130 and 310 meters. These dunes generally align along a west-
southwest to east-northeast orientation (Benbih et al., 2022). The spatial clustering of these dunes can
be attributed to the site's distinctive topography, which is enclosed by three main morphological units
acting as orographic traps. This setting facilitates the accumulation and stabilization of sandy sediments
(Benbih, 2025).

Meteorological data recorded at the Zagora station during the period 1989-2010, located within
the oasis environment, reveal a marked seasonal and interannual variability in mean wind speed. Annual
mean wind speeds generally ranged between 1.3 and 2.3 km/h, with the highest annual mean value
recorded in 1990 (2.30 km/h) and the lowest in 1997 (1.32 km/h). Seasonally, the windiest period
extends from April to June, during which mean wind speeds vary between 2.0 and 3.8 km/h, reflecting
the enhanced atmospheric instability that characterizes late spring and early summer. In contrast, the
lowest wind activity occurs from October to December, when mean wind speeds range from 0.6 to 1.6
km/h. At the monthly scale, May consistently exhibits the highest mean wind speeds (2.0-3.1 km/h,
reaching 3.83 km/h in some years), whereas December records the lowest values (0.7—-1.5 km/h). These
seasonal variations are mainly associated with changes in regional atmospheric circulation and the
influence of Saharan air masses on southern Morocco (Karmaoui et al., 2014). It should be noted that
the meteorological station is situated within the oasis, where dense palm groves and cultivated areas
locally reduce near-surface wind velocity; therefore, the recorded values primarily characterize the oasis
microclimate rather than the wind conditions prevailing over the surrounding open desert.
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Figure 1. (a) Geographical location of Morocco within the Mediterranean Basin. (b) Study area (Faijal:
alluvial depression; Daya: temporarily inundated closed depression). The red inset corresponds to the
specific location of the measurement site (c).
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Regarding wind direction, Bentaleb (2008) reports seasonal variability as follows:

- Autumn: prevailing winds from the northeast (NE) and north (N), with less frequent winds from
the east (E) and northwest (NW).

- Winter: dominance of northwest (NW) and west (W) winds.

- Spring: alternation between northeast (NE) and northwest (NW) winds, accompanied by
moderate occurrences of southeast (SE) and southwest (SW) winds.

- Summer: marked wind activity from the north (N) and south (S).

Finally, concerning the frequency of strong winds, a gradual decrease is observed from the
northern to the southern parts of the Draa basin: Ouarzazate exhibits a frequency of 10%, Zagora 20%,
and Tagnite 18%. This pattern reflects an intensification of wind activity in downstream areas, linked to
specific climatic conditions such as sandstorms and seasonal winds, which play a crucial role in aeolian
sediment transport and dune formation (Bentaleb, 2008). The threshold for effective wind-driven
sediment transport is 7 m/s.

3. Materials and methods

The study of the dynamics of transverse dunes was based on a methodological approach that
combined several complementary strategies.

3.1 Selection of Representative transverse dunes

The selection of two transverse dunes located in the Ternata area was made following a
preliminary survey via Google Earth Pro and fieldwork. This choice was based on criteria such as spatial
proximity and accessibility, inclusion within the same dune system, exposure to the same wind regime,
and the relative distance from anthropogenic impacts.

3.2 Quantitative approach

The morphological changes in the dunes were assessed using a topographic surveying device
that allows the measurement of their geometric dimensions (length, width, height, length of the right
horn, length of the left horn, as well as the longitudinal axis of the dune). The topographic survey was
conducted by establishing a coordinate mesh for each point (X, Y, Z).

3.2.1 Topographic survey protocol

The topographic survey was carried out using a LEICA TS 02 Total Station, with the aim of
measuring the geometric dimensions of the dunes and monitoring their morphological and sedimentary
evolution (in terms of volume) (Fig. 2). It is important to note that this monitoring operation spanned
four seasons throughout the year 2023, with data collected in March (spring), June (summer), October
(autumn), and December (winter). The measurement process is associated with a margin of error not
exceeding 5 cm, which is mainly attributed to the nature of the study area (sandy environment). In
addition, the instrumental accuracy of the device is specified at 1.3 mm in the X, Y, and Z coordinates.
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Figure 2. The methodological approach adopted in this study to quantify dune dynamics. (a) Installation of
reference points. (b) Topographic survey. (c) Dune measurement. Date: 11/12/2022.

3.2.2 Data processing and analysis

This stage involved the creation of a database compiling information related to the
physiographic, morphological, and volumetric changes of the studied dunes during all observation
periods. The processing and correction of the data were performed using COVADIS, QGIS, and ArcGIS
software.

3.3 Descriptive and analytical approach

The descriptive approach enabled the provision of both a general description of the dunes
(location of the dune within the sandy unit) and a specific one, and was followed by the analysis of the
collected data.

3.4 Cartographic approach

A cartographic approach was adopted to process, analyze, and represent the spatial data using
COVADIS, QGIS, and ArcGIS software. The integration of these software was designed to capitalize
on their complementary capabilities throughout the geospatial data processing chain. COVADIS was
employed for the preprocessing and correction of field survey data, QGIS for data management and
quality control, and ArcGIS for advanced spatial analyses and the generation of final cartographic
products. All cartographic processing associated with this phase of the study was undertaken in 2023.

4. Results
4.1. Morphological and sedimentary evolution of transverse dunes in 2023
The transverse dunes monitored throughout the different observation periods in 2023 exhibited

notable morphological, sedimentary, and surface changes.
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In the case of transverse dune n° 1, the volume increased from 411.75 m? at the beginning of the
observation period to 610.11 m* at the end, representing a total gain of 198.36 m?, with an average
seasonal increase of 49.59 m®. The dune’s surface area also expanded significantly, growing from
1,307.99 m? to over 1,577 m?, i.e., a net increase of 269.01 m? (Fig. 3a and 4a).

Compared to the first dune, transverse dune n° 2 showed a more moderate evolution. Its volume
rose from 892.25 m? to 970.20 m3, reflecting a total increase of 77.95 m*. This volumetric evolution was
accompanied by an expansion of the dune’s surface area, which increased from 1,495.37 m? to 1,662.64

m?, corresponding to a net gain of 167.27 m? (Fig. 3b and 4b).
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Figure 3. Morpho-dynamic evolution of transverse dune n° 1 (a) and n°2 (b) from the start to the end of the
monitoring period 2023.

Figure 4. Morpho-sedimentary dynamics - volumetric and areal distribution of erosion and accumulation- for
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transverse dune n° 1 (a) and n°2 (b) from the start to the end of the monitoring period 2023.
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4.2. Mobility of transvers

The studied dunes exhibited, during the observation periods, a significant dynamic behavior that

e dunes in 2023

varied according to their geographical position and geometric characteristics.

The mobility of the transverse dunes revealed a marked movement in two opposite directions:
the first, from northwest to southeast (dune n° 1), and the second, from southeast to northwest (dune n°
2). This directional divergence highlights the critical role of the wind regime in the formation and
evolution of these dune forms. The divergence is attributed to the influence of local winds, the size of
the dunes, and their position between three orographic barriers acting as sand traps. Furthermore, the
particular position of dune n°l, located within the bed of Oued El Fargh, makes it more exposed to wind

action compared to dune n° 2, which is situated more centrally within the transverse dune field.

The average mobility of the two dunes, measured at their central sections, reached 3.83 m,
compared to 7.57 m in their northwestern sections and 9.19 m in their southeastern sections (Table 1).

More specifically, the average mobility of transverse dune n° 1 was measured at 5.90 m in the central

section, 9.14 m in the northwest, and up to 15.18 m in the southeast (Fig. 5a). In contrast, the average
mobility of dune n° 2 was recorded at 1.76 m in the central section, 6.37 m in the northwest, and 3.20 m

in the southeast (Fig. 5b).

Table 1. Annual average rate of transverse dune mobility in Tranata region.

Northwest Section (m) Central Section (m) Southeast Section (m)
Transverse dune n° 1 9.14 5.9 15.18
Transverse dune n°2 6.37 1.76 3.2
Average 7.57 3.83 9.19
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Figure 5. Mobility for transverse dune n° I (a) and n°2 (b) from the start (green) to the end (brown) of the
monitoring period 2023. Isolines represent contour lines connecting points of equal elevation.
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4.3. Seasonal variations in the morphology of transverse dunes

The seasonal monitoring focused on measuring the geometrical dimensions of the dunes: length,
width, and the width of both western and eastern flanks. The study also allowed for the calculation of
total volume and occupied surface area, as well as the volumes and surfaces affected by erosion and
sedimentation.

Transverse dune n° 1

During winter 2023, transverse dune n° 1 measured approximately 55.16 m in length and
13.31 m in width. The width of the western flank reached 13.58 m, while that of the eastern flank was
18.35 m. The estimated volume was 411.75 m?, over a surface area of 1,308 m?, with erosion accounting
for 54.25% and accumulation for 45.75% (Fig. 6 and 8a).

In spring, unlike in winter, the dune’s length decreased to 52.5 m, while the width increased to
14.65 m. The western flank measured 14.37 m, compared to 17.29 m for the eastern flank. This
corresponds to a reduction in length by approximately 2.66 m and an increase in width by 1.34 m,
indicating a dispersal of the dune form. The dune’s volume increased by 198.36 m?, reaching a total of
610.11 m?, over a surface of 1,577.79 m?. During this period, erosion represented 87.01%, while
accumulation dropped to 12.99% (Fig. 6 and 8a).

In summer, the dune extended to 59.69 m in length and 15.9 m in width. The western flank
measured 13.53 m, and the eastern flank expanded to 21.53 m. The total volume reached 928.06 m?,
across a surface area of 1,765.18 m?, with erosion contributing 90.81%, and accumulation 9.19% (Fig.
6 and 8a).

In autumn, the dune reached a length of 63.04 m, with a width of approximately 16.06 m. The
western flank measured 14.58 m, and the eastern flank 21.8 m. The volume was estimated at 310.00 m3,
over a surface area of 1,209.70 m?, with erosion accounting for 39.39%, and accumulation rising to
60.61% (Fig. 6 and 8a).
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Figure 6. Seasonal morphological changes of transverse dune n° 1. Isolines represent elevation contours (m)
derived from the total station topographic survey data.

Cuadernos de Investigacion Geografica, xx (X), 202X. pp.XXX-XXX 9



Benbih et al.

Transverse dune n° 2

During the winter season, transverse dune n° 2 measured 64.3 m in length and 15.91 m in width.
The western flank reached a width of 17.9 m, while the eastern flank extended to 23.24 m. Its total
volume was estimated at 892.25 m?, over a surface area of 1,495.374 m2. The erosion rate accounted for
72.08%, while accumulation represented 27.92% (Fig. 7 and 8b).
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Figure 7. Seasonal morphological changes of transverse dune n° 2. Isolines represent elevation contours (m)
derived from total station topographic survey data.
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In spring 2023, the dune measured 63.03 m in length and 17.98 m in width. The western flank
was 19.2 m wide and the eastern flank 25.33 m. In terms of sediment dynamics, the volume did not
exceed 700.75 m?, spread over a surface area of 1,269.15 m?, with erosion estimated at 73.37% and
accumulation at 26.63% (Fig. 7 and 8b).

During summer 2023, the dune reached a length of 65.65 m and a width of 15.22 m. The western
flank measured 19.8 m, while the eastern flank was 22.64 m wide. The recorded volume was
2,143.37 m3, over a surface area of 2,538.83 m?, with a very high erosion rate of 92.17%, compared to
only 7.83% for accumulation (Fig. 7 and 8b).

In contrast to the summer season, in autumn, the dune measured 67.03 m in length and 15.91 m
in width. The western flank extended to 16.39 m, and the eastern flank to 22.69 m. The volume did not
exceed 970.12 m?, over an area of 1,662.65 m?, marking a notable decrease of 1,173 m* compared to the
summer. The erosion rate was 81.16%, while accumulation accounted for 18.84% (Fig. 7 and 8b).

5. Discussion

Based on the results of the topographic analysis of the transverse dunes in Ternata, transverse
dune n° 1 experienced a well-marked seasonal dynamic throughout the year 2023. In winter, the dune
had a volume of 411.75 m?, with an accumulation rate of 54.25%, which exceeded the erosion rate of
45.75%, indicating a phase of sediment gain. In spring, although the dune's length decreased, its volume
increased to 610.11 m?3, suggesting a phenomenon of lateral dispersion associated with surface
expansion. This trend aligns with the findings of Bristow et al. (2000) and Wiggs (2001) who observed
that an increase in dune volume may result from lateral expansion, even in an erosive context. However,
this period was also marked by a strong intensification of erosive processes, accounting for 87.01% of
the morphological dynamics. In summer, the dune reached its maximum volume of 928.06 m?, under
conditions of clear erosion dominance (90.81%), reflecting pronounced instability. This dynamic
supports the work of Tsoar (2001) and Kocurek and Ewing (2005), who emphasized that intense aeolian
regimes during the hot season enhance dune mobility and increase their morphological instability. In
autumn, the dune's volume decreased to 310 m?, while the accumulation rate rose again to 60.61%,
surpassing the erosion rate (39.39%) and indicating a temporary return to a phase of sediment
reconstruction. This observation is consistent with Lancaster (1995), who noted that calmer seasons—
especially autumn and winter—are conducive to aeolian accumulation.

As for transverse dune n° 2, the results indicate a morphological dynamic strongly dominated
by erosion throughout 2023. In winter, its volume was 892.25 m?, with a high erosion rate of 72.08%,
reflecting substantial sediment loss. In spring, the volume decreased to 700.75 m?, while the erosion rate
remained relatively stable at 73.37%, indicating the persistence of erosive processes. In summer, the
dune underwent significant expansion, reaching a peak volume of 2,143.37 m?, despite a very high
erosion rate of 92.17%. This situation may be explained, as suggested by Livingstone and Warren (1996)
and Goudie ef al. (1999), by a massive sediment influx followed by rapid redistribution under the
influence of strong winds. In autumn, the dune’s volume decreased again to 970.12 m?, accompanied by
a slight reduction in the erosion rate to 81.16%, indicating ongoing erosion, albeit with moderately
reduced intensity.

Despite seasonal variations in the geometric dimensions of the dunes, both total volume and
relative erosion rates show broadly similar trends (Fig. 8c). Notably, the summer period is characterized
by intense erosive activity, while the winter and autumn seasons are marked by lower erosion rates and
a relatively higher accumulation rate in autumn compared to spring. These results corroborate the
findings of Livingstone and Warren (1996), who stressed the key role of seasonal variability in the
aeolian regime in shaping dune field dynamics.
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This dynamic highlights the decisive influence of seasonal variations in the wind regime on the
morphological evolution of transverse dunes by modulating erosion and accumulation processes. As
Kocurek and Ewing (2005) pointed out, wind seasonality affects not only the intensity of erosion but
also the direction and orientation of sediment flows. Erosion tends to dominate in spring and summer,
while accumulation becomes more intense in winter and autumn. However, an increase in dune volume
does not necessarily reflect a net accumulation phase—a phenomenon previously highlighted by
Bristow ef al. (2000) and Wiggs (2001) who noted that lateral dispersion can mislead traditional
volumetric interpretations.

These results indicate that the morpho-sedimentary trend of the transverse dunes in Tarnata is
predominantly accumulative. This pattern can be explained by their geographical position, enclosed
between three surrounding reliefs in the Tarnata area, and by their location at the terminal zone of the
aeolian flow. Such findings reveal the presence of significant sand dynamics in the region, which vary
locally depending on multiple environmental factors. This variability is likely to influence the overall
functioning of the surrounding oasis ecosystem. From a management perspective, these results highlight
the importance of implementing measures aimed at reducing sediment mobility and limiting dune
encroachment. In particular, the stabilization of sediment source areas through the preservation and
enhancement of vegetation cover represents an effective strategy for reducing sediment entrainment and
aeolian transport. Furthermore, maintaining the geomorphological integrity of the Draa Wadi system is
essential for preserving natural sediment-transfer processes. Activities that promote channel incision,
excessive sediment extraction, or morphological disturbance should therefore be carefully managed, as
they may increase sediment availability and consequently enhance the supply of sandy material feeding
the active dune system.

6. Conclusion

The study conducted on the transverse dunes of the Ternata oasis has revealed the complexity
of morpho-sedimentary dynamics within a semi-enclosed Saharan context, which is strongly influenced
by the seasonal variability of the wind regime and by local topogeographical factors. By employing an
integrated methodological approach combining high-precision topographic surveys, spatial analyses,
and cartographic representations it was possible to rigorously characterize the morphological evolution,
mobility, and the processes of erosion and accumulation affecting the studied dunes. Consequently, this
allowed for a deeper understanding of the acolian functioning and dynamics within the region.

The results obtained highlight, on the one hand, a general tendency toward accumulation,
reflecting the sustained activity of wind-driven sediment transport in the area; and, on the other hand,
distinct seasonal behaviors among the dunes, indicative of their sensitivity to variations in wind regimes
and their specific geomorphological positioning. This spatial and temporal heterogeneity underscores the
importance of a fine-grained and context-specific interpretation of aecolian dynamics at the local scale.

From a broader perspective, these dune dynamics through their direct impact on soil resources
and the stability of peripheral oasis environments emphasize the need to establish regular monitoring
systems and implement appropriate land management strategies, in order to preserve the ecological
balance of these fragile environments in the face of increasing climate change effects.

Data availability statement

The current manuscript has no data associated that has been deposited into a publicly available
repository. Data may be made available on reasonable request.
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