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1. Introduction
1.1 Context
The studied region is composed of four watersheds located in the southern part of the
Ferghana valley at the intersection of Tadjikistan, Uzbekistan and Kyrgyzstan. This
mountainous environment could be subject to various natural hazards (for instance: glacier
hazard, permafrost degradation, gravitative process, debris flows, floods, snow and rock
avalanche, soil erosion…) and consecutive risks for population and infrastructures.

1.2 Objectives
This project was realized during 3 weeks of civil service by Sébastien Morard (Dr. in
Geography), under the supervision of Dr. Eric Bardou (DSM consulting), Naraya Carrasco
(SDC) and Prof. Michel Jaboyedoff (IGAR, University of Lausanne).
The main objectives of this project were to:
-

-

-

Find and/or edit various kinds of data (settlements, landcover, DEM… see below)
as GIS format (shapefile or raster) for 4 watersheds located south of the Ferghana
valley. Most of the part of the project was dedicated to this work.
Create several thematic maps of the region, and provide risk analysis for several
zones of the region based on spatial analysis and geomorphological analysis.
Show the usefulness and the significance of GIS analysis to identify – before to
go in the field – potential risk areas based on relatively quick and easy spatial
analysis and remote sensing imagery,.
Used free of charge GIS software and pre-existing spatial data and satellite
imagery.

1.3 Software
The software used in this project are freeware, which can be easily downloaded on internet.






Saga-GIS: very good for spatial analysis in raster mode (http://www.saga-gis.org/).
Q-GIS: good for data editing, analysis in vector mode and map creation
(http://www.qgis.org/).
Google Earth: used for identification of geomorphic features and landscape analysis.
Also very easy to edit shapefile on the basis of good quality satellite imagery
(http://www.google.com/earth/index.html).
Diva-GIS: used to read some downloaded preexisting data (http://www.diva-gis.org/).
Shape2Earth Globe: to copy georeferecend imagery from Google Earth (cost: 39
USD, http://shape2earth.com).

1.4 Data
Different kinds of data were downloaded freely from websites. For some data (such ASTER
GDEM or Landsat Imagery), a free registration is needed.
a) Digital Elevation Model
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 SRTM3 (3 arc-second, about 90m resolution). SRTM was the primary (and
pretty much only) payload on the STS-99 mission of the Space Shuttle
Endeavour, which launched February 11, 2000. (http://www.cgiarcsi.org/data/elevation/item/45-srtm-90m-digital-elevation-database-v41).
 ASTER GDEM 2 (1 arc-second, about 30m resolution). The ASTER instrument
was built by METI and launched onboard NASA’s Terra spacecraft in December
1999. (http://www.ersdac.or.jp/GDEM/E/4.html)
b) Climatic data
 WorldClim: mean monthly precipitation and temperature (resolution: 30 arcseconds, about 1 km). (http://www.worldclim.org/).
c) Glaciers
 GLIMS: Global Land Ice Measurements from Space (polygon shapefile)
(http://www.glims.org/).
 WGI, World Glacier Inventory (point shapefile)
(http://nsidc.org/data/glacier_inventory/index.html).
d) Earthquake
 Earthquake Search, USGS
(http://earthquake.usgs.gov/earthquakes/eqarchives/epic/).
e) Satellite Imagery
 Google Earth (imagery from SPOT and others sources). (Very) good quality of
the remote sensing imagery for the region on Google Earth.
 Landsat ETM+ (Multispectral imagery, with 30m resolution).
(http://glcfapp.glcf.umd.edu:8080/esdi/index.jsp).
f)

Others geodatabases
 OpenStreetMap Project (roads). (http://www.openstreetmap.org/).
 Diva-GIS data (roads, rivers, population, landcover). (http://www.divagis.org/Data).

Important notice: due to the medium quality of the existing geodatabase and the lack of
spatial extent of some information (settlements areas, bridges, glacier polygons) in the
studied area, a self-made edition (by creating polygons or points shapes) was realized on
Google Earth which provides very good quality imagery. Even if this manual operation is
time-consuming, it permits to have a good overview of the entire region and reliable
geoinformation to be used for further spatial analysis. As Google Earth imagery used the
geoid WGS84 and are not projected, the edited data were then projected on Q-GIS (UTM
43N). A large part of this project was dedicated to the edition of such data.

2. Regional scale
2.1 General overview of the four studied watersheds
2.1.1 International borders
The political borders are relatively complicated in the study area (fig. 1). In fact, the four
studied watersheds (Khojibakirgan, Isfararinka, Soght, Shakimardon) are located through
Tadjijistan, Uzbekistan and Kyrgyzstan. Moreover, three enclaves are included in the
Isfararinka, Soght and Shakimardon areas.
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Fig. 1 - Overview of the four studied watersheds with fans (red areas: settlements; dark blue polygons:
glaciers)

2.1.2 Hypsometry
The SRTM3 (resolution about 90m) was used to generate a DEM and several terrain
analysis. In the southern part of Ferghana valley, the Alai mountain range rise from an
elevation of about 350m a.s.l. (fan areas, north) to about 4'500m a.s.l. (south) (fig. 2).

Fig. 2 - Hypsometry of the four watersheds (a black line is drawn every 1000m).
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The SRTM3 DEM was used for calculation in this project. The highest resolution DEM from
ASTER-GDEM 2 (about 30m) was also downloaded, but time calculation is (very) much
longer. The next figures (fig. 3) compared the two DEMs in the Zeravshan glacier
(Tadjikistan, south of Isfararinka and Soght watersheds). In the example showed on figure
below, the ASTER-GDEM 2 show more details and in particular a probable supraglacial lake
which is not visible on SRTM3 and also on Google Earth imagery.

SRTM3

ASTER-GDEM 2

Fig. 3 – Comparison of the digital elevation models SRTM3 (90m resolution, up) and ASTER-GDEM 2
(30 resolution, down) for the Zeravshan glacier (39°31’10’’ N, 70°38’39’’ E). Note the possible
occurrence of an important supraglacial lake (about 700x500m) in the ASTER-GDEM 2.
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2.1.3 Climate (monthly precipitation and temperature)
Climatic data were imported from the WorldClim database and represent interpolations of
observed data, representative of the period 1950-2000. Pixel resolution is about 1km2.
The general pattern of the studied region is characterized by relatively dry (< 600mm/y) and
mild climate (>+8°C MAAT) in the Ferghana Valley (fig. 4). Precipitations are as usual more
important in the mountainous part of the four watersheds, where mean annual air
temperature could also be negative. Based on this information, the mean annual zero degree
air temperature is located about 2900 and 3600 m. a.s.l (fig. 5).

Fig. 4 - Mean annual precipitation (sum of monthly data, in mm) and air temperature (mean of monthly
data, in °C).
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Fig. 5 - Comparison between elevation (x-axis) and mean annual air temperature (y-axis).The mean
annual zero degree air temperature is located about 2900 and 3600 m. a.s.l

2.1.4 Landcover
Landcover of the entire region was imported from the DIVA-GIS website (fig. 6). Data
resolution is about 1km2, and the results fit quite well with imagery from Google Earth or from
Landsat ETM+ (fig. 7). The different categories are defined by Global LandCover data
(GLC2000). The mountainous slopes are mainly covered by snow and ice, and a sparse
herbaceous cover. Bare areas are largely dominant in the four watersheds (tab. 1). As the
absence of vegetation is a negative factor for soil erosion, the bare areas could potentially be
subject to important rill and gully erosion during storm events.

Fig. 6 – Landcover from Diva-GIS data (white arrow: fig. 7).
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Fig. 7 – Bare areas with numerous erosion gullies at the end of and the Isfararinka watershed. The fan
is composed of different kind of landcover (bare areas, cropland, sparse area…) and fit well with the
landcover data from Diva-GIS. Goggle Earth imageries are of very good quality for the studied region
and allows very good identification of landcover.
Description
Tree Cover, broadleaved, deciduous, open
Herbaceous Cover, closed-open
Sparse Herbaceous or sparse Shrub Cover
Cultivated and managed areas
Mosaic: Cropland / Shrub or Grass Cover
Bare Areas
Water Bodies
Snow and Ice
Total number of pixels (km2)

Khojibakirgan
0
(0.00%)
493
(19.98%)
506
(20.50%)
124
(5.02%)
47
(1.90%)
1158
(46.92%)
1
(0.04%)
139
(5.63%)
2468

Isfararinka
2
(0.06%)
415
(12.90%)
451
(14.02%)
124
(3.85%)
45
(1.40%)
1882
(58.50%)
0
(0.00%)
298
(9.26%)
3217

Soght
4
(0.09%)
618
(14.47%)
569
(13.32%)
402
(9.41%)
68
(1.59%)
1891
(44.28%)
4
(0.09%)
715
(16.74%)
4271

Shakimardon
2
(0.12%)
306
(17.89%)
258
(15.09%)
112
(6.55%)
24
(1.40%)
764
(44.68%)
2
(0.12%)
242
(14.15%)
1710

Tab. 1 – Landcover statistics based on Diva-GIS data with Global LandCover data categories
(GLC2000).

2.1.5 Settlements
Permanent settlements (villages) inside the four watersheds were mapped manually as
polygons in Google Earth, and imported into Q-GIS for coordinate transformation, from
coordinate geographic system WGS-84 (Google Earth) to projected geographic system
(UTM-43N). The same procedure was applied to every shapefiles imported from Google
Earth (borders, bridges, hydraulic engineering, glaciers, mountain lakes, geomorphological
features). Settlements are located mainly in the fans areas near the Ferghana valley, and
along river banks in the mountainous areas.
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2.1.6 Transport systems
Contrary to settlements, the transport systems (roads and railway) were not edited on the
basis of satellite images on Google Earth, but were these data were imported from online
geodatabase (Open Street Map project and Diva-GIS website). The quality of these preexisting data is quite poor and only the major roads are available. In the figure 8, settlements
inside the mountainous areas are not connected with roads from these geodatabase. More
problematic are the data from Diva-GIS: in fact roads are drawn through the glacierized
zones of the four watersheds, even though there are no roads in reality (black arrows in
figure 8)!

Fig. 8 – Roads from OpenStreetMap Project (green roads) and Diva-GIS (red roads). Lots of roads are
missing in the studied areas and need to be edited manually. Black arrows indicate roads crossing the
mountain range which do not exist!

3. Natural hazards
As every mountain areas, the studied area is prone to natural hazard due to gravitative
processes such as avalanches, landslides, debris flows and flash floods. Triggering factors
could be various such as earthquake, glacial lake outburst (GLOF), permafrost degradation,
intense rainfall, snowmelt, drought, soil erosion… Few examples of some natural hazards
which could potentially be identified with GIS and satellite imagery are presented below.

3.1 Earthquakes
About 50km south of the studied watersheds, a large zone with numerous recorded
earthquakes
since
1974
can
be
identified
(data
from
the
USGS,
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http://earthquake.usgs.gov/earthquakes/eqarchives/epic/). Eight earthquakes with magnitude
larger than 5 Richter also occurred in the studied area (fig. 9). Earthquake could be a
triggering factor for several natural hazards, like landslide or glacial lake outburst.

Fig. 9 – Map of recent (since 1972) and historic earthquakes (data: USGS).

3.2 DEM based hydro-processing
Based on DEM, several hydro-processing analyses can be completed on SAGA GIS. This
information could for instance give information about the watersheds delineation, the channel
network, the slope angle, the elevation of areas above channel... Remote sensing analysis
could moreover give an overview of the landcover. Combining all these data (also climatic
data) will permit to make a first evaluation of risk assessment of the entire region. Several
examples of thematic maps derived from a DEM for the Kyzyl Bulak area (Shakimardon
watershed) are shown in the following figures (fig. 10).
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Fig. 10 – Satellite imagery from Google Earth for the Kyzyl Bulak area. Bare areas (with visible erosion
gullies) occupied the main part of the slopes, as managed areas (settlements and crops) are located in
the valley bottom.

3.2.1 Slopes
Steep slope angle areas are subject to gravitative processes such as landslide, debris flows,
rockfall, snow or rock avalanche (fig. 11) Flat areas could be affected mainly by flood or
erosion deposits from the adjacent steep slopes.

Fig. 11 – Slopes classes (in degree) (settlements: black polygons filled with backward diagonals).
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3.2.2 Floods and height above channel
The height above channel map could indicate which zones could potentially be affected by
overflow (fig. 12). If the settlement is located only a few meters above the channel or the
valley bottom, such areas could be damaged. In the case where settlement are located in
lateral terraces of several tens of meters height, the damage caused to flood is reduces.
Nevertheless, as the terraces are composed of sediments, lateral erosion due to strong
waters could cause lateral erosion and or small landslides in the terraces. The village of
Iardan for instance is located on a 60m high terrace and will not be affected by flood (fig. 13).
In contrast some parts of the settlements of Ohna or Jiydelik are located only less than 1m
above the channel (fig. 14). The risk of overflow is as a consequence more important.

Fig. 12 – Map showing the altitude above main channel. Orange to red areas could potentially be
subject to flood.

Fig. 13 - The village of Iardan located on a 60m terrace.

- 12 -

Fig. 14 – The green valley bottom of Ohna and the adjacent bare slopes.

3.2.3 Strahler Order, Stream Power Index and Wetness Index
Others indices could be calculated on Saga GIS. For instance, Strahler's (1952) stream order
system is a simple method of classifying stream segments based on the number of
tributaries upstream (fig. 15). A stream with no tributaries (headwater stream) is considered a
first order stream. A segment downstream of the confluence of two first order streams is a
second order stream.

Fig. 15 – Channel network with Strahler order.
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The Stream Power Index (SPI) represents upstream watershed area multiply with slope.
This index is related to erosion process, and constitutes an indicator of the capabilities of a
flow to generate net erosion and to transport materials. More the index is high, more the
erosion and transport capabilities of the stream are important (Milevski 2008).
The important reduction of SPI between Kyzyl Bulak and Jiydelik indicate that the stream has
lower erosion and transport potential in this zone. As a consequence, deposition of
sediments could occur and an enhancement of the river bed is possible (fig. 16, white arrow).

Fig. 16 – Stream Power Index map.

The Wetness Index shows the
tendency of runoff dispersion in the
watershed. Areas with high values of
WI tend to be depositional. Figure 17
shows the WI values for the
Shakimardon watershed with fan.

Fig. 17 – Wetness Index map.

- 14 -

3.3 Soil erosion of bare areas
Erosion could be assessing by combining several DEM derived information (Milevski 2008).
The map below shows the slope angle for the bare areas of the entire region (fig. 18). Steep
slope are mainly subject to gully erosion, landslide or rockfall, as gentle slopes are more
subject to sheet and rill erosion. To determine the vegetation evolution – an important factor
in soil erosion – Landsat ETM+ imagery were downloaded but no analyzed (due to lack of
time).

Fig. 18 – Slope angle (°) into bare areas.

3.4 Glaciers and glacial Hazards
3.4.1 Glacier inventories
Two worldwide inventories are available on internet: GLIMS which provides polygons, and
WGI which is built as a point shapefile (fig. 19). As only point shapefile was available for
the four watersheds (WGI inventory), a self-made edition of glacier polygons was
realized. The main difficulty of this step was to clearly identify the glacier tongue, because of
the existence of numerous debris covered glacier and concomitant rockglacier (permafrost
landform) or dead ice accumulation (fig. 20). Distinction between rockglacier and debris
covered glacier was not always easily identifiable. As a consequence, several
approximations and possible errors have been unfortunately made. Nevertheless, this edition
of polygons permits to calculate the glacierized area of the watersheds and to give a good
overview of glaciers locations.
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Fig. 19 – Glacier inventories (WGI and GLIMS).
‘’White’’ glacier

Debris covered glacier

Talus active rockglacier

Active rockglacier

Relict rockglacier

Fig. 20 – Example of the coexistence of “white” glacier terminated by debris cover tongue (left up),
active rock glacier (permafrost landform with potential high ice content) creeping over bigger possible
relict rock glacier located downstream (Isfararinka watershed, 39°42’58’’ N, 70°35’39’’ E).
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3.4.2 Mountain and glacial lakes
Different kind of mountain and glacial lakes are encountered in the studied area:
supraglacial, lateral, or morainic frontal dammed, landslide dammed, or bedrock dammed
(figs. 22 to 26). Morainic dammed lake could be subject to failure. It is not the case with
bedrock dammed lake, which can overflow only by rock avalanche.
Development and expansion of glacial lakes have been reported in numerous mountain
areas of the world due to climate change and concomitant glacier recession (Bolch et al.
2011). This development potentially leads to an increasing risk of lake outbursts (GLOF), a
serious hazard for population in mountains regions. Triggering events for an outburst can be
moraine failures induced by an earthquake, by the degradation of permafrost and the thaw of
internal dead ice, or by increased water pressure, or a rock, snow or ice avalanche into the
lake causing a flood wave (fig. 21).

Fig. 21 - Cross section of a moraine-dammed lake and potential triggers of lake outbursts: A calving, B
ice avalanches, C debris flows, D sudden meltwater drainage (sub-, en-, or supraglacial), E failure of
the moraine dam, and F meltout of dead ice cores (source: Richardson & Reynolds 2000).
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Fig. 22 – Supraglacial lakes (30 June 2007, 39°45’51’’ N, 71°18’49’’ E, Soght watershed)

Fig. 23 – Glacial lake forming at the front of the glacier tongue between frontal moraines (18.09.2002,
39°36’44’’ N, 69°55’34’’ E, Khojibakirgan watershed). Due to the high elevation (4000 m. a.s.l.), the
frontal moraine is probably frozen.
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Regressive erosion gully

Fig. 24 – Glacial lake forming at the front of the glacier tongue (21.08.2007, 39°34’17’’ N, 70°41’47’’ E,
Soght watershed). Note the imposing erosion gully forming trough the morainic bastion.

Scar

Deposit

Fig. 25 – Big landslide dammed lake (2km long and 500m wide) located 7km west of the Khojibakirgan
watershed (39°37’10’’ N, 69°37’31’’E).
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Fig. 26 – Bedrock dammed lake (39°44’43’’ N, 71°22’02’’ E, Soght watershed).

3.4.3 Detection of waterbodies
The detection of glacial lake has been made manually on Google Earth (fig. 27). Even if this
method is time-consuming, small water bodies could be identified visually. An inventory of
mountain lakes was also realized, in order to know where water bodies are located and to
conduct more detailed GIS analysis of potentiality of triggering of flood and debris flows due
to lake outburst.
Automated methods have also been described by several authors (Bolch et al. 2011). The
use of the NDWI (Normalized Difference Water Index, using the near-infrared and green
bands of satellite multi-spectral images) allows identification of water bodies (values of NDWI
ranging from -0.9 and -0.3). The identification depends also on several parameters, such the
size of the lake (pixel resolution on Landsat ETM+ imagery = 30m), the presence of snow,
the turbidity of water or the presence of rock debris (frequent on debris covered glacier or
rock glacier). Quick comparison between automated identification with Landsat ETM+
imagery and Google Earth is reported in figures 28 and 29.
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Fig. 27 – Glacial and mountain lakes inventory.

Fig. 28 – Google Earth imagery and identified glacial and mountain lakes (39°45’30’’ N, 71°24’35’’E,
Soght watershed).
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Fig. 29 – RGB Landsat ETM+ imagery (up) and NDWI map (down) for the same area as in figure 28.
The green polygons are interpreted as water bodies.

3.5 Permafrost degradation and landslide
Roughly the zone with MAAT below -1/-2°C could be seen as the area containing
discontinuous permafrost. Several rock glaciers, a typical permafrost landform, are
encountered in the region. After Mergili et al. (2011) who mapped the potential permafrost
areas in Tajikistan, the lower boundary of sporadic permafrost is encountered about avove
3200 m. a.s.l. depending on orientation and geomorphological situation (tab. 2).
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Aspect
N
NE
E
SE
S
SW
W
NW
Flat

Lower boundary a.s.l of
sporadic permafrost
(permafrost possible)
Exposed site
Protected site
3400 m
3060 m
3550 m
3200 m
3675 m
3320 m
3800 m
3330 m
4000 m
3440 m
3750 m
3330 m
3700 m
3260 m
3630 m
3220 m
3690 m
3740 m

Lower boundary a.s.l of
discontinuous permafrost
(permafrost probable)
Exposed site
Protected site
3600 m
3510 m
3700 m
3600 m
3820 m
3620 m
3950 m
3730 m
4000 m
3790 m
3950 m
3730 m
3800 m
3610 m
3680 m
3570 m
3810 m
4000 m

Tab. 2 – Potential altitude of sporadic and discontinuous permafrost (after Mergili et al. 2011)

Permafrost degradation could increase the frequency of rockfall, promote the instability of
whole versant (potentially responsible for major landslide) or increase rockglacier
displacement. As no settlements are located in the permafrost zone, its degradation will not
cause direct impacts.
In contrast, rockglacier advance in fluvial valley could - if the velocity of the landforms is rapid
enough - create a natural dam in the valley (fig. 30). A lake could potentially form in such
case. Some cases where identified in the watershed. But without knowledge about the
dynamic of these rock glaciers, it is currently not possible to estimate the natural hazard. Due
to the constant erosion of the front by the river (also the case in case of major landslide
damming a valley), such natural hazard could be asses as low to medium. Nevertheless,
more accurate analysis of movement using InSAR data (see conclusion) could be planned
for the future. The same process is more frequent with landslide (fig. 31)

Fig. 30 – Rock glacier (left) tongue partially
damming the valley (39°47’45’’ N, 71°20’06’’ E,
Soght watershed).

Fig. 31 – 0.75km long landslide damming the
valley (39°36’50’’ N, 69°45’18’’ E, Khojibakirgan
watershed). Note that the river is ‘’dry’’
downstream the deposit.
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5. Conclusion and outlook
This project was conducted on a very short period. Lots of time was dedicated to self-editing
of glacier, geomorphologic features and settlements. Only basic spatial analyses have been
realized. Nevertheless, the examples presented in this report show the usefulness to conduct
GIS analysis about a wide region with free software. More detailed risk analysis would be
made in the future (evolution of landcover, potential of glacial lake outburst, detection and
quantification of mass movement with INSAR…). Some papers presenting such analysis are
available on the DVD containing the data.
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