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PREFACE: This report provides a preliminary analysis of the Ab Barak landslide which occurred on 2 May 2014. Satellite imagery 

acquired on 7 June 2013 and 5 May 2014 by the WorldView-2 satellite as well as Google Earth images were used for this report. 

Geographic datasets produced for this assessment and additional UNOSAT products are available at 
http://www.unitar.org/unosat/maps/AFG. This report is part of the satellite monitoring by UNITAR / UNOSAT of the (Landslide 

in Ab Barak, Badakshan Province, Afghanistan) in support of international humanitarian assistance and created to respond to the 

needs of UN agencies and their partners. This assessment has not yet been validated in the field. Please send feedback to 

UNITAR/UNOSAT at the contact information below. 

 

 

1. General Introduction 

The Ab Barak landslide which occurred on 2 May 2014 in Badakshan, Afghanistan was induced by heavy rainfall in the period of 

25 to 29 April. This event has drawn a lot of international attention due to its large magnitude and devastating damage. The 

number of fatalities remains uncertain, ranging from 300 to more than 2700. UNOSAT’s mapping of the landslide impacts shows 

that a total of 87 structures were certainly buried by the landslide based on comparison of the WorldView-2 satellite images from 

7 June 2013, the date of the pre-event image used for comparison, and the image from 5 May 2014. It is likely that the damage 

might be underestimated because of the expansion of the village between 7 June 2013 and the occurrence of the landslide 

(http://www.unitar.org/unosat/node/44/1991). Apart from the direct damage, the landslide also blocked the Barik Aab valley, 

forming a landslide dam and a barrier lake. The local authority is facing the challenge of dealing with the dam in order to reduce 

the possible uncontrolled dam-breach flood hazard. Possible solutions such as constructing a temporal channel to release the water 

and a permanent spillway in the dry season were discussed. 

This report provides an overview of the landslide magnitude, activities in the past and failure mechanism with the aim of a better 

understanding and prevention of landslide hazards in northeastern Afghanistan. The geometric parameters of the landslide 

(volume, runout distance, dam size etc.) were estimated based on the visual interpretation of the WorldView-2 satellite image 

from 5 May 2014. The result still needs to be further validated in the field. Some multi-temporal images were used to detect the 

landslide activities in the past. 

2.  Visual Interpretation of the Ab Barak Landslide 

Based on the WorldView-2 satellite image (50 cm resolution) from 5 May 2014 and an image from The Atlantic 

(http://www.theatlantic.com/infocus/2014/05/massive-landslide-buries-remote-afghan-village/100729/), the Ab Barak landslide is 

interpreted into source zone and deposition zone (Figure 1 and Figure 2). The source area of the landslide is about 400 m long and 

300 m wide, covering an area of 98,062 m2. The deposition zone spreads up and down the valley, covering an area of 134,352 m2. 

The lake was rather small on 5 May 2014, only covering an area of 8,318 m2. The runout distance of the landslide is about 750 m. 

The dam width along the stream flow direction is around 650 m. The average thickness of the landslide deposits and dam height 

are unknown. According to the dam longitudinal profile (along the valley) measured by the U.S. Army Engineer Research and 

Development Center, the lowest dam height is 10.9 m, which is actually rather small considering the size of the landslide. 

According to the information from local engineers, the dam had impounded around 50,000 m3 of water as of 16 May, 2014. The 

actual inflow discharge to the barrier lake was estimated to be 0.07m3/s. 

The most reliable way to calculate landslide volume is to determine the elevation difference between pre- and post- event DEMs 

over 2D projection of the landslide and integrate over this area, but unfortunately accurate DEMs are not available. Therefore, we 

applied another commonly-used method, the volume-area (V-A) relationship to estimate the landslide volume, using the equation 

(V=0.146A1.332) presented by Larsen et al. (2010). The landslide volume is calculated as near 1 million m3. 

 

http://www.unitar.org/unosat/node/44/1991
http://www.theatlantic.com/infocus/2014/05/massive-landslide-buries-remote-afghan-village/100729/
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Figure 1 – An overview of the Ab Barak landslide which occurred on 2 May 2014 in Badakshan, Afghanistan. There is an old landslide (with 
unknown age) next to the recent one, indicating that this region is prone to landslide hazards. The white dashed lines show the possible 
failure scarps in the future. Source and copyright: The Atlantic. 

 

Figure 2 – Visual interpretation of the Ab Barak landslide based on satellite imagery acquired on 5 May 2014 by the WorldView-2 satellite. 
The landslide is generally classified into source area and deposition area. Source: WorldView-2; Copyright: DigitalGlobe Inc. 

3. Evidence of Movements in The Past and Failure Mechanism 

The images from 2004 (Google Earth image) and 2013 (WorldView-2 satellite) evidently show that the landslide area has been 

active prior to 2004. The resolution of the Google Earth image from 2004 is quite coarse, but it still shows the disturbed features 

on the slope (Figure 3). The high resolution image from 2013 clearly shows the geomorphic evidences of previous deformations, 

such as the dense erosion gullies along flow path direction, accurate scarps and ridges and lineations. It suggests that the recent 

landslide is actually a reactivated landslide, developed from an old landslide which occurred before 2004. It is also interesting to 

see that the boundary of the recent landslide (Figure 2) exactly tracks the sub-active scarp that can be easily identifiable on the 

2013 image (Figure 3). The river morphology indicates that the movements in the past have also disturbed the river network. The 

past activities of the Ab Barak landslide have also been observed and analysed by Dr. Kerry Leith from Technische Universität 

München (http://stress-driven.blogspot.de/2014/05/the-badakshan-landslide-forseeable.html).  

http://stress-driven.blogspot.de/2014/05/the-badakshan-landslide-forseeable.html
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Figure 3 – Left: Google Earth image from 2004; Right: WorldView-2 satellite image acquired on 7 June 2013. Red line indicates the active 
area, while the yellow dashed line indicates sub-active region. Source: Google Earth and WorldView-2; Copyright: Google Earth and 
DigitalGlobe Inc.  

Regarding the landslide failure mechanism, Prof. Dave Petley from Durham University, UK, has shared a lot of information and 

his scientific opinions in his blog (http://blogs.agu.org/landslideblog/2014/05/06/ab-barak-landslide-2). He was also interviewed 

by Nature about the geology behind the tragedy (Witze, 2014). The Ab Barak landslide is assumed as a loess landslide due to the 

colour and fine grain size of the deposits. A previous study on the loess failure in northeast Afghanistan from Shroder et al. (2011) 

supports this assumption and further proves that Badakhshan is in the loess region, where 34 similar landslides were reported. 

Figure.4 shows some other loess landslide, about 1.5 km NW of the Ab Barak landslide.  

 

Figure 4 – Landslide activities in 1.5 km NW of the Ab Barak landslide based on the Google Earth image from 2004. Source and copyright: 
Google Earth and Digital Globe Inc. 

The loess in northeast Afghanistan is formed by the accumulation of wind-blown dust from the Karakum Desert. The reason that 

loess region is prone to landslide is that loess is highly porous and therefore very sensitive to water. It can collapse rapidly after 

reaching a certain saturation level, also called “collapsible loess”. Similar to other landslides that have been studied by Shroder et 

al. (2011), the Ab Barak landslide might be caused by the failure of a thick layer of loess overlies less permeable crystalline and 

sedimentary bedrocks. When water infiltrates through loess layer to the less permeable bedrock, the loess contacting with bedrock 

is saturated (acting as a “lubrication” effect), forming the sliding surface with very low friction. 

4. Rapid Estimation of the Landslide Dam Stability 

The stability of landslide dams is a function of their geometry, internal structure, material properties, lake volume, inflow rate, and 

seepage processes (Korup and Tweed, 2007). Unfortunately, the internal structure and particle size distribution become evident 

only after dam failure such that reliably predicting landslide-dam stability remains a key challenge. Here we apply a simple 

geomorphometric method (Blockage Index) from Casagli and Ermini (2003) to assess the stability of the dam formed by the Ab 

Barak landslide. The method has been proved to be a useful indicator for the stability of landslide dams induced by the Wenchuan 

earthquake by Fan et al. (2013). The blockage index is defined as: 

http://blogs.agu.org/landslideblog/2014/05/06/ab-barak-landslide-2
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where VD is the volume of the landslide dam (m3), and AC is the catchment area upstream of the dam (km2).  

As mentioned, the volume of the landslide dam was estimated to be about 1 million m3. The catchment area was roughly 

measured based on the Google Earth image and the Shuttle Radar Topography Mission (SRTM) from NASA, which is 

approximately 20 km2. Therefore, the Ib is calculated to be 4.7. According to previous studies, a lower boundary for stable dams is 

given by Ib = 4, while an upper boundary is Ib = 5, due to the uncertainties of dam geological structure and other factors. 

Therefore, the dam is fairly stable, but may also have a chance to fail if heavy rainfall occurs. 

5. Possible landslide activities in the future and recommendations 

Loess landslides are not necessarily catastrophic, most of which actually start with creeping deformation or erosion due to the 

gradual weakening of loess by groundwater or surface water, as shown in Figure 4. The rapid movements are normally caused by 

external triggers, i.e. heavy rainfall or strong earthquakes. The Ab Barak landslide is a representative case of such type of loess 

failures. The Ab Barak landslide is likely to be reactivated in the future, possibly due to retrogressive failures along the dashed 

lines in Figure 1, because:  

(1) The recent failure steepened the slope, as the back scarp of this landslide becomes the front of next failure. It also produced 

the free open surface (space) that favours future movements; 

(2) There is an old landslide just next to the Ab Barak landslide with a clear scarp extending almost to the ridge line. Thus, the 

Ab Barak landslide might also fail retrogressively to the ridge in the worst scenario;  

(3) The possible failure scarps are assumed tracing the irrigation channels or track ruts, because Shroder et al. (2011) stated 

that water running through the irrigation channels or track ruts may be saturating and fluidizing the slopes, which were observed 

in Afghanistan. 

The Ab Barak landslide will definitely not be the last landslide in the Ab Barak area, Afghanistan. Many movements have already 

happened in the past, and there will be some similar landslides in the future. The lesson we can learn from the Ab Barak landslide 

is that such kind of loess landslides is fortunately foreseeable, if more efforts can be put in landslide hazard identification, 

mapping, monitoring and early warning by local authorities together with the help from international experts. Carrying out these 

preventions beforehand will be the most cost effective way to reduce landslide risk in such a highly landslide prone area. 
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___________________________________________ 
 

This is a preliminary assessment and has not yet been validated in the field. Please send feedback to UNITAR/UNOSAT at the 
contact information below. 

 
UNOSAT Contact:  
E-mail: unosat@unitar.org 
T: +41 22 767 4020 (UNOSAT Operations) 
T: +41 22 767 4137 (UNOSAT Management) 
F: +41 22 766 9145 
24/7 hotline: +41 76 487 4998 
 

Post address 
UNOSAT / UNITAR 
Palais des Nations 
CH-1211 Geneva 10 
Switzerland  

Visiting address 
UNOSAT / UNITAR 
International Environment House 
Chemin des Anémones 11-13 
CH-1219 Châtelaine, Geneva - Switzerland  
 

Send us GEO-PICTURES from disasters worldwide. Scan QR code or download free UN-ASIGN APP here: 
 

                                                                                                                                 
http://download.ansur.no/asign-un.apk                             https://itunes.apple.com/app/un-asign/id507125097?mt=8  
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