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Abstract. In Afghanistan, floods are common and measures must be taken to protect people and property from 
damage. There is, however, a lack of detailed observations and research on this subject in this area. Therefore, flood 
simulation models are needed to identify flood-prone areas. In this study, International River Interface Cooperative 
(iRIC) program that is river flow and riverbed variation analysis software with several solvers has been used. 
Nays2DFlood solver that simulates 2dimenstional plane flow has applied to a past flood in Kabul city. River 
discharge from two inflow points and averaged precipitation from three rain gauges at the time of flooding given as 
input to the model including DEM (Digital Elevation Model) data. The iRIC was confirmed as a 90-m grid digital 
elevation model to determine the position of streamlines correctly. However, the highest flood depth was 
overestimated because the 90-m grids were too coarse to detect the slight slope of the riverbed in some areas. Then 
the elevation of the riverbed modified using data acquired from Google Earth, and the simulation results improved. 
Moreover, it was found that river water rather than rainfall was the main cause of the flooding.  
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a stream or other body of water, or the accumulation of 
water in areas that are not normally submerged. Floods 
are affected by various characteristics of precipitation, 
such as intensity, duration, amount, timing, and phase 
���������	����� [1]. Flash floods are powerful enough to 
sweep entire houses and bridges away, cause severe and 
costly damage, and are the primary cause of loss of life in 
Afghanistan [2]. Afghanistan has always been under the 
periodic threat of flooding due to intense rainfall, melting 
snow, or a combination of both. Every year, there are 
many fatalities and thousands of homes are destroyed as a 
result of floods  [3]. The international disaster database 
reported that 54.3% of all natural disasters in Afghanistan 
are flood related, and the average annual economic loss 
was US$92.17 million from 1990 to 2014 [4]. 

The capital of Afghanistan, Kabul, is also the 
��������	� ����
	�� ����� �����  �	� !�!�������� ��	� �"����
3,289,000 in 2012 [5], and it is currently the fifth fastest 
growing city in the world [6]. Most of the rainfall occurs 
in April, with the rain events lasting either 1#2 or 3#7 
days [7]. In Table 1 a summary of the damage caused by 
floods in Kabul from 2005 to 2007 is presented. Although 
the damage varies annually, the numbers of damaged 
dwellings are large [8]. Many of the most vulnerable 
houses are constructed in unplanned areas. They are at 
risk of damage by both earthquakes and floods [9], 
primarily because the main construction materials used 

are clay and clay bricks, both of which are susceptible to 
damage during floods and heavy rainfall events. Flood 
hazard areas have been identified along the administrative 
boundary between districts 5 and 13 (Figure 1) [8]. 

In Afghanistan, even basic information is lacking to 
describe the type of floods, the cause of floods, and the 
temporal window when floods can be expected. A nation- 
or region-wide map is needed indicating areas that 
require further investigation and where mitigation studies 
might be useful [10]. 

Accordingly, Emlyn Hagen from North Atlantic 
Treaty Organization introduced the Flood Hazard 
Mapping Project for Afghanistan in 2008. Utilized a kind 
of cellular automata in which various amounts of water 
were simulated by computer to fill up one cell and then 
flow into the next automaton cell. The data were 
calibrated using available information from past flood 
events and remote sensing observational data from the 
Dartmouth Flood Observatory [11]. However, according 
to the IPCC Fifth Assessment Report, there is a high 
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flows in snowmelt- and glacier-fed rivers. Moreover, it is 
likely that the frequency of heavy precipitation or the 
proportion of total rainfall from heavy rainfalls will 
increase in the 21st century in many areas of the 
globe [1]. If these predictions come true, they will affect 
future flood-prone areas. Therefore, using only past flood 
data may be not sufficient to establish flood protection 
plans in the future. Moreover, most of the river flows in 
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Boundary- Municipality 
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Flood Area 
Special Area (Old Town) 
Unplanned Residential Area 
Unplanned Residential Area (Housing-
Development) 
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Planned Residential Area (<10%) 
Planned Residential Area (Multistory) 
Planned built-up Area 
Area Used by Defense 
 

Afghanistan depend on the amount of annual rain and 
snowfall [12]. 
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No. People affected No. Of dwellings 

Missing Killed Injured 
Partially 
damaged 

Destroyed 

2005 0 0 0 67 106 

2006 0 12 9 150 0 

2007 0 14 10 645 281 
Table 1. Major Floods in Kabul.    
  
Source: DMIS (Disaster Management Information System), National 
Anti-Disaster Department 
 

A method to estimate future floods in Afghanistan has not 
yet been developed. Also, the public monitoring system of 
flooding in Afghanistan has not been sufficiently developed, 
and the amount of available data that can be easily obtained is 
limited. Therefore, a simulation system that can work with a 
limited amount of data is required. Simulation software is 
required to develop a simulation system because it takes a long 
time to write source code for a simulation model, creating 
simulation systems is challenging. Recently, the International 
River Interface Cooperative (iRIC) software application was 
developed specially for river flow analysis in developing 
countries. iRIC has several solvers, and the Nays2DFlood 
solver is used for flood analysis. In this study, the iRIC 
Nays2DFlood solver and flood data that was easily attainable 
from the Internet for Kabul city was used to evaluate the 
applicability of iRIC to flood analysis and examine the 
influence of rainfall and river water on flooding in the area. 

2 Material and Methods  

2.1 Study Area 
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Figure 3.  Procedure for operating the Nays2DFlood solver 
with iRIC. 

2.2.2 Data preparation and simulation 
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Figure 4. (a) Calculation grid map, colored image shows DEM 
of the study area with the background image from Google 
Earth. Blue polygon is roughness setting. Qala e Malik and 
Tangi Saydan are the inflow points. (b) Orange and purple 
polygons are modified elevations of the river, dots are the DEM 
elevation points. 
 

 
Figure 5. Daily discharge from two points in Kabul where 
inputted as hourly at the Model. 

 
Figure 6. Hourly precipitation during the period of flooding 
(12:00 19 April to 18:00 21 April 2012) as recorded at three 
rain gauge stations. 
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Figure 7. Log-normal probability plot of 26 years annual peak 
discharge data (1962-1980,2008-2014). 

3 Results and Discussion  

3.1. Simulation with the original DEM��
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Figure 8. Flood depth map of the study area from the 90-m 
DEM. 

 
Figure 9.  Velocity magnitude map of the study area from the 
90-m DEM. 
 
 

 
Figure 10. Velocity vector map of the study area from the 90-m 
DEM. 
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Figure 11. (a) Original DEM at 72720 sec, The DEM could not 
pass the Flood. (b) Modified DEM at 72720 sec, the Flood 
covered certain area. 
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Figure 12.  Flood depth map of the study area from the 90-m 
modified DEM. 

 
Figure 13. Velocity magnitude map of the study area from the 
90-m modified DEM 

 
Figure 14. Velocity vector map of the study area from the 90-m 
modified DEM 
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river water��

�������)������(�	�����<�"
�������
��������������
��������	�
�
)��� ����� �
� �<���	
��� ��	� 
����	
��� ���� ��
������ 	�����
�����
"�����	����������
������������ �	����������	�	�(���
 ��� �� ��� ����� ����� ��� ���� "�	
�
�	� 4;0� ����� �����

����	�	���
������	������
������#�����������	
��������� ���
���� ���������
����"(��
���� 
�	
������ ����� ����"�
��������
��� ���� ����	� ��� ���� �
)��� ����� ������� ����� ���� ��
�������
���� �������� ��� ��
������ ���� ��� ����� 
�� ��"�� ������ ��� ��
(���	� ��
������#��� (�
"��
�
�  ����� ����	��
����� �
���"�

�� ���� ���� ��������	� ��
����� ������0����)���� ���� ���(��

�� ���� 	� ������"� ������  ��� :�
��� ������ ��  �
��� �����
�����
������ ��� (���� 	��
������ ����������� ���� ��������
�������� ����� 	��	�
��� ���� �
)����	� 
�� ������ ������  ���	�

�������� 	��
����� ��(��
�
� ��	� ��� ��� ������
)�� "�������
��������	�(������
����
�
�
�
�
�
�

�
�������	�
���������"�	���	�����	�	��������"(���	� 
���(������

������ ����(���������������	�+�*,$�������?������;�����"���
�
�	�

"���������������	�������

�
������� 	

� �����	�	�(���"�(���� ���� ���	
������ ���"� ����*%5"�
"�	
�
�	�4;0� 
��������
������	�����

4 Conclusions 
����3�
�#4����	����)��� 
���
-67��((�
�	����"�	���

��(��������	��)����
���������
�
���
���	��������� ������
�
�
����
������ ��� ���� 6��������� 7�����	�	� (����� ���� ���
����� �H�

��� ���� 
-67� ����	� "�	��� ���� �����"�
��� ��������
�
��
�������*%5"���
	�4;0��

#�� =���������
)������ �	�
�������
)��
�������������
��
 ��� 	
��
����� ��� 	
��
���
��� �"���� �������� 
�� ���)��
���
��
�������*%5"���
	�4;0��=����������������	����"�	
�
�
���� ���)��
��� 
�� ������ ������ ��� 	����"
��� ������� ����
�����"�
����

��� =�� ��������� ��� �
"�������� ����	� 
���������
�
�
��
�������"�	
�
�	�4;0������������
��

&�� ����
�������������
)��� ����� ��������������������
���������
������
������	�	��������

��� 6�� ���������	� 	���� ��
)��� 	
�������� ��	�
(���
(
���
���� ���	� ��� 
�(��� ���� ���(���  ���	� ���
���������	�����	���
�����
��"�	����

��� ���� ��������  
��� "�!�� (���
���� ��� �)�
	�
���������
��� ��
�	
���� 
�� ��9��	� 9����� ��� 
"(��"����
"
�
���
���"�����������(�������
����������������������)
���
"
��
�������	�������
��
�)���"������

�
���

(a) 

(b) 

   
 

 

 
DOI: 10.1051/04003 (2016), 6E3S Web of Conferences e3sconf/201

FLOODrisk 2016 - 3rd European Conference on Flood Risk Management 
7 0704003

5



 

5 References 
1. Seneviratne S. I., Nicholls N., Easterling D., Goodess 

C. M., Kanae S., Kossin J., ...  Zhang X.  (2012). 
Changes in climate extremes and their impacts on the 
natural physical environment. Managing the risks of 
extreme events and disasters to advance climate 
change adaptation. IPCC, 109-230. http://ipcc-
wg2.gov/SREX/images/uploads/SREX-
Chap3_FINAL.pdf 

2. Jones J. A., Vardanian T., Hakopian C. (2009). 
Threats to global water security, Eds; Springer 
Science & Business Media. pp. 179-185. 

3. NATO-News. Satellite map helps predict floods in 
Afghanistan. 
http://www.nato.int/cps/en/natohq/news_56368.htm?
selectedLocale=en(16.May.2015). 

4. Prevention Web.net. Afghanistan. 
http://www.preventionweb.net/countries/afg/data/ 
(16.May.2015). 

5. CSO (Central Statistics Organization). Afghanistan 
Statistical Yearbook 2012/13. 
http://cso.gov.af/Content/files/Population of Kabul 
City by District and Sex.pdf (16.May.2015). 

6. & '(�)�(*+,� ,'�' ,' &,��'�
� ������	� ��	�
	��
growing cities and urban areas from 2006 to 2020. 
http://www.citymayors.com/statistics/urban_growth1
.html  (16.May.2015). 

7. Dartmouth Flood Observatory. Duration of Floods 
Since (1985). 
http://floodobservatory.colorado.edu/archiveatlas/dur
ationmonthmap.htm (16.May.2015). 

8. Takashi Koyama of RECS International Inc., 
Yachiyo Engineering Co., Ltd., and CTI Engineering 
International Co., Ltd. Draft Kabul City Master Plan. 
JICA 2011 6.1#6.56 
http://pdf.usaid.gov/pdf_docs/pa00jmmj.pdf 

9. IRIN humanitarian news and analysis. 
AFGHANISTAN: Unsafe housing puts Kabul 
residents at risk. 
http://www.irinnews.org/report/85585/ 
(16.May.2015). 

10. Hagen E., Shroder J. F., Lu X. X., and Teufert J. F. 
(2010). Reverse engineered flood hazard mapping in 
Afghanistan: A parsimonious flood map model for 
developing countries. Quaternary International , 
226(1-2): 82-91. 
http://www.sciencedirect.com/science/article 
/pii/S1040618209004273. 

11. Shroder, Jones E. (2014). Natural Resources in 
Afghanistan, 1st ed.; ELSEVIER. Waltham, USA, 
pp. 253-258. 

12. Favre R., and Kamal G. M. (2004). Watershed atlas 
of Afghanistan. Kabul: Ministry of Irriga. Aizon, I-II, 
20-37 http://aizon.org/Watershed Atlas of 
Afghansitan/Volume I/Watershed Atlas_Part I & 
II.pdf  

13. Lashkaripour G. R., and Hussaini S. A. (2008). 
Water resource management in Kabul river basin, 
eastern Afghanistan. The Environmentalist, 28(3), 
253-260. 
http://www.researchgate.net/publication/225906403_

Water_resource_management_in_Kabul_river_basin
_eastern_Afghanistan 

14. Takuya I., and Toshiki I. (2012) Nays2D Flood 
Solver Manual. iRIC Project, 1-25. http://i-
ric.org/en/download/get/KNwWfa  

15. SRTM DEM Shuttle Radar Topography Mission 
http://www.viewfinderpanoramas.org/Coverage map 
viewfinderpanorama s_org3.htm (I42) 
(16.May.2015). 

16. Lehner B., Verdin K., and Jarvis A. (2006). 
HydroSHEDS Technical Documentation. World 
Wildlife Fund US, Washington, DC, 1-27. 
http://hydrosheds.cr.usgs.gov/webappcontent/Hydro
SHEDS_TechDoc_v10.pdf   

17. MEW (Ministry of Energy and Water) Afghanistan, 
Water Resources Department. http://mew.gov.af/en 
(Add: Darullaman Road, 6th district, Kabul 
Afghanistan. Data was asked directly from Ministry 
office and it is not available in website) 

18. Pajhwok News: Flash Flood in Kabul Apr.2012 
http://www.pajhwok.com/en/photo/176592 
(16.Apr.2014). 

19. Wikipedia: Log-normal distribution 
https://en.wikipedia.org/wiki/Log-
normal_distribution (20.Oct.2015). 

20. Takuya, I.; Toshiki, I. Nays2D Flood Examples. iRIC 
Project 2013, 1-87. http://i-
ric.org/en/download/get/zdd4wJ 

21. fernan J. E., and Tawn J. A. (2004). A conditional 
approach for multivariate extreme values. Journal of 
the Royal Statistical Society, Series B (Statistical 
Methodology), 66(3), 497#546  

22. Alonso E., Degoutte G. and H. Girard (1990). 
Results of seventeen years of using geomembranes in 
dams and basins.  Proceedings of the 4th 
International conference on geotextiles, 
geomembranes and related products, Vol. 2, The 
Hague, The Netherlands, pp. 437-442.  

23. Cazzuffi D. (1987). The use of geomembranes in 
Italian dams, International Water Power & Dam 
Construction, Vol. 39, No. 3, pp. 17-21.  

24. Carvajal C., Peyras L., Arnaud, P., Boissier D. and 
Royet P. (2009). Probabilistic Modeling of 
Floodwater Level for Dam Reservoirs, Journal of 
Hydrologic Engineering, 14(3), 223-232 

 
 

   
 

 

 
DOI: 10.1051/04003 (2016), 6E3S Web of Conferences e3sconf/201

FLOODrisk 2016 - 3rd European Conference on Flood Risk Management 
7 0704003

6


