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Abstract: The Altai Mountains are a heritage-rich archaeological landscape with monuments in
almost every valley. Modern nation state borders dissect the region and limit archaeological
landscape analysis to intra-national areas of interest. Remote sensing can help to overcome these
limitations. Due to its high precision, Synthetic Aperture Radar (SAR) data can be a very useful tool
for supporting archaeological prospections, but compared to optical imagery, the detectability of sites
of archaeological interest is limited. We analyzed the limitations of SAR using TerraSAR-X images in
different modes. Based on ground truth, the discernibility of burial mounds was analyzed in different
SAR acquisition modes. We show that very-high-resolution TerraSAR-X staring spotlight images are
very well suited for the task, with >75% of the larger mounds being discernible, while in images with
a lower spatial resolution only a few large sites can be detected, at rates below 50%.
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1. Introduction

The Altai Mountains have been an important transitional zone in Central Asia for thousands of
years. Today, the region is transected by the borders of China, Kazakhstan, Russia, and Mongolia,
as shown in Figure 1. It is also situated at the center of Eurasia’s four major steppe zones with the
Mongolian steppe to its east, the pastures of Kazakhstan and Russia to its west, the forested taiga of
Siberia in the north, and the dry arid landscapes of Xinjiang to the south [1].

The region is one of Central Asia’s richest archaeological areas, with some of the oldest
archaeological sites in Siberia dating back to 430,000 BP (before present) [2] and an abundant Bronze
and Iron Age heritage.

In this vast, rugged terrain, most valleys contain a large number of cultural heritage sites [1,3].
Ideally, the region should be studied as a whole in order to understand this highly complex heritage
and its significance in the larger context of Central Asia. However, militarized border zones, language
barriers, and differing research cultures make transnational cooperation on field projects extremely
difficult. Under these circumstances, remote sensing can be an invaluable tool for the analysis of the
archaeological landscape, because it (1) can cover large areas; (2) is not limited by national borders;
and (3) can provide a basis for joint analysis of the larger region.
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Remote sensing takes the role of a supportive tool in archaeological surveys and excavations. 
Both optical [4] and Synthetic Aperture Radar (SAR) [5] data were used for our fieldwork in summer 
2015. Due to its weather independence and high geo-location accuracy, we found high-resolution 
SAR data to be a useful tool for planning archaeological prospections, for example when identifying 
areas of interest and planning the logistics of surveys. In recent years, thanks to its wider availability 
and higher spatial resolution, SAR is becoming more commonly used in archaeology (see, e.g., [6–9]). 

 
Figure 1. The area of interest in the Altai Mountains. 

A high spatial resolution is necessary in order to detect archaeological features. However, how 
high is the spatial resolution we need for archaeological prospections in the Altai area? Since we need 
to cover a large area of interest at a high resolution, the tradeoff between spatial coverage and spatial 
resolution in SAR acquisition becomes an important question. 

In this paper, we analyze the spatial and radiometric resolutions necessary for effective 
identification of clusters of larger (e.g., >10 m diameter) burial mounds in the Altai Mountains. We 
used various TerraSAR-X (TSX) images in different acquisition modes and spatial resolutions to 
determine the spatial resolution required to clea rly identify burial mounds of different sizes. 

In Section 2, we describe the different types of burial mounds and other structures of 
archaeological interest relevant for our study, which are archaeological structures with a minimum 
dimension of at least one square meter, since we cannot identify single stone steles from remote 
sensing data. In Section 3, the test data and our methodology are introduced. In Section 4, we present 
and discuss the results of our analysis and finally we state our conclusions. 

2. Burial Mounds in the Altai Region 

In the context of remote sensing–supported landscape archaeology, we focused on larger objects 
and their spatial distribution. We are especially interested in Scythian kurgans, Saka kurgans, and 
ogradkas (see Figure 2). 

We define a Scythian kurgan as a burial mound, dating to the Ir on Age, built of stones with a light 
central depression if it has not been robbed, often lining up in an approximate north-south direction 
with others of its kind. Scythian kurgans are typically between 5–15 m in diameter, but smaller and 
larger monuments can also be found. We define a Saka kurgan as a large earthen mound with a circular 
ditch, also dating to the Iron Age. The Saka kurgans are typically between 10–60 m in diameter, but 
again there are monuments outside this range. An ogradka is a mound-like accumulation of stones 
with a rectangular enclosure of big stone slabs inside and often (but not necessarily) a single stele or 

Figure 1. The area of interest in the Altai Mountains.

Remote sensing takes the role of a supportive tool in archaeological surveys and excavations.
Both optical [4] and Synthetic Aperture Radar (SAR) [5] data were used for our fieldwork in summer
2015. Due to its weather independence and high geo-location accuracy, we found high-resolution SAR
data to be a useful tool for planning archaeological prospections, for example when identifying areas
of interest and planning the logistics of surveys. In recent years, thanks to its wider availability and
higher spatial resolution, SAR is becoming more commonly used in archaeology (see, e.g., [6–9]).

A high spatial resolution is necessary in order to detect archaeological features. However, how
high is the spatial resolution we need for archaeological prospections in the Altai area? Since we need
to cover a large area of interest at a high resolution, the tradeoff between spatial coverage and spatial
resolution in SAR acquisition becomes an important question.

In this paper, we analyze the spatial and radiometric resolutions necessary for effective
identification of clusters of larger (e.g., >10 m diameter) burial mounds in the Altai Mountains.
We used various TerraSAR-X (TSX) images in different acquisition modes and spatial resolutions to
determine the spatial resolution required to clearly identify burial mounds of different sizes.

In Section 2, we describe the different types of burial mounds and other structures of
archaeological interest relevant for our study, which are archaeological structures with a minimum
dimension of at least one square meter, since we cannot identify single stone steles from remote sensing
data. In Section 3, the test data and our methodology are introduced. In Section 4, we present and
discuss the results of our analysis and finally we state our conclusions.

2. Burial Mounds in the Altai Region

In the context of remote sensing–supported landscape archaeology, we focused on larger objects
and their spatial distribution. We are especially interested in Scythian kurgans, Saka kurgans, and
ogradkas (see Figure 2).

We define a Scythian kurgan as a burial mound, dating to the Iron Age, built of stones with a light
central depression if it has not been robbed, often lining up in an approximate north-south direction
with others of its kind. Scythian kurgans are typically between 5–15 m in diameter, but smaller and
larger monuments can also be found. We define a Saka kurgan as a large earthen mound with a circular
ditch, also dating to the Iron Age. The Saka kurgans are typically between 10–60 m in diameter, but
again there are monuments outside this range. An ogradka is a mound-like accumulation of stones with
a rectangular enclosure of big stone slabs inside and often (but not necessarily) a single stele or array
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