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Abstract: Flash flooding, a hazard which is triggered by heavy rainfall is a major concern in many 11 
regions of the world often with devastating results in mountainous elevated regions. We adapted 12 
remote sensing modelling methods to analyse one flood in July 2015, and believe the process can be 13 
applicable to other regions in the world. The isolated thunderstorm rainfall occurred in the Chitral 14 
River Basin (CRB), which is fed by melting glaciers and snow from the highly elevated Hindu Kush 15 
Mountains (Tirick Mir peak’s elevation is 7708 m). The devastating cascade, or domino effect, 16 
resulted in a flash flood which destroyed many houses, roads, and bridges and washed out 17 
agricultural land. CRB had experienced devastating flood events in the past, but there was no 18 
hydraulic modelling and mapping zones available for the entire CRB region. That is why modelling 19 
analyses and predictions are important for disaster mitigation activities. For this flash flood event, 20 
we developed an integrated methodology for a regional scale flood model that integrates the 21 
Tropical Rainfall Measuring Mission (TRMM) satellite, Geographic Information System (GIS), 22 
hydrological (HEC-HMS) and hydraulic (HEC-RAS) modelling tools. We collected and use driver 23 
discharge and flood depth observation data for five river sub-stream areas, which were acquired in 24 
cooperation with the Aga Khan Rural Support Program (AKRSP) organization. This data was used 25 
for the model’s calibration and verification. This modelling methodology is applicable for other 26 
regional studies especially for rough mountainous areas which lack local observations and river 27 
discharge gauges. The results of flood modelling are useful for the development of a regional early 28 
flood warning system and flood mitigation in hazardous flood risk areas. The flood simulations and 29 
prepared connected video visualization can be used for local communities. This approach is 30 
applicable for flood mitigation strategies in other regions. 31 

Keywords: TRMM; HEC-HMS; HEC-RAS;GIS; Hydrological Model; Hydraulic Model; Flood; 32 
Chitral River Basin 33 

 34 

 35 

1. Introduction 36 
Flash floods, which are triggered by heavy rainfall, are a major hazard in many regions in the 37 

world. In mountainous regions [1-3], devastating results include fatalities, property and agricultural 38 
land damage [4]. The CRB is one hazardous area where flood intensity has been increasing over the 39 
last two decades. Two recent devastating floods in this district occurred in 2010 and 2015 .During the 40 
2015 flood, a total of 1,486 houses were damaged and 307,500 people were displaced. Furthermore, 30 41 
schools,10 powerhouses, 13 bridges, 154 water supply schemes, and 81 irrigation channels were 42 
badly damaged and 3,225 acres of standing crops were washed away [5]. According to the National 43 
Disaster Management Authority (NDMA) and Pakistan Meteorological Department (PMD) annual 44 
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reports, each year more deaths and damage occur due to flooding in the Chitral district than any 45 
other weather related hazard. Climate change has resulted in increased melting of glaciers and snow 46 
coupled with thunderous rainstorms.  The lack of information about flood zones and their risks can 47 
lead government officials to be unable to create awareness and preparedness in the community about 48 
future floods [6, 7]. The major cause of hydraulic floods is a combination of torrential rain and Glacial 49 
Lake Outburst Floods (GLOF), a situation worsened by pre-existing factors such as deforestation and 50 
excessive grazing that have contributed to mud slides in already economically compromised 51 
communities [8-11]. The unavailability of automatic weather stations and river gauges within the 52 
CRB justify the development and calibration of a flood prediction model for extreme weather events. 53 
The CRB consists of rough mountains and narrow valleys which also hinder field measurement and 54 
the development of probabilistic flood maps. 55 

Unprecedented extreme weather, due to the increase of the average global temperature in recent 56 
years, has induced floods and demonstrated the necessity of reliable flood models for advanced early 57 
warning systems for extreme weather situations [12]. We developed a methodology that integrates 58 
free available remote sensing data, including Tropical Rain Measurement Mission (TRMM) satellite 59 
precipitation data, Digital Elevation Model (DEM), Geographic Informational System (GIS), 60 
Hydrological model (Hydrologic Engineering Centre’s Hydraulic Modelling System: HEC-HMS) and 61 
Hydraulic model (Hydrologic Engineering Centre’s River Analysis System: HEC-RAS)which was 62 
developed by the US Army Corps of Engineers[13-17].However, there are some limitations in 63 
accuracy due to course resolution of the precipitation and DEM data [18, 19]. 64 

The TRMM, a joint US–Japan satellite mission, was launched in 1997 to monitor tropical and 65 
subtropical precipitation and to estimate its associated latent heating covering the latitude band of 66 
50N–50S.The TRMM generated a global estimation of precipitation based on remote sensing 67 
observation. The TRMM 3B42 algorithm, also known as Multi-Satellite Precipitation Analysis 68 
(TMPA), has high spatial (0.258) and temporal (3h) resolution, and is widely used in hydrological 69 
modelling, especially in data sparse regions [20-22]. In this study we used TRMM 3B42 precipitation 70 
data for July 16 and 17, 2015. This data product consists of TRMM TMPA Rainfall, which merges 71 
satellite rainfall estimates (S) with gauge data (G). TRMM Microwave Imager precipitation (TMI; 72 
TRMM product 2A12) was calibrated through the microwave precipitation from multiple 73 
low-earth-orbiting satellites and then calibrated to the TRMM Combined Instrument precipitation 74 
(TCI; TRMM product 2B31) based on 3B42 algorithm. These are merged to produce a 75 
microwave-only best estimate every 3 hours. The infrared precipitation estimates (from multiple 76 
geosynchronous satellites) are then calibrated to the microwave estimate and used to fill in the 77 
regional gaps in the merged microwave field to produce a combined satellite rainfall estimate every 3 78 
hours. These 3-hourly combined satellite estimates are then summed to the monthly scale and 79 
recalibrated with a monthly precipitation gauge analysis to provide the final SG-merged 80 
precipitation estimate and become a Level 3 (L3) 3 hourly 0.25° x 0.25° quasi-global (50°N-S) gridded 81 
SG-rainfall database [23-25].Currently, remote sensing based precipitation data such as TRMM is 82 
afavourable alternative to the conventional precipitation observations using rainfall gauges. TRMM 83 
data provide real time distributed data which have improved research results in the field of 84 
hydrological modelling [26-28]. 85 

Hydrological modelling is a commonly used tool to estimate a basin’s hydrological response to 86 
precipitation. The selection of the model depends on the basin and the objective of the hydrological 87 
prediction in the basin. The HEC-HMS is a reliable model developed by the US Army Corps of 88 
Engineers that could be used for many hydrological simulations [29]. HEC-HMS is a rainfall-runoff 89 
model that converts precipitation excess to overland flow and channel runoff.  The River Analysis 90 
system (HEC-RAS) is a hydraulic model that models the unsteady flow through the river channel 91 
network based on the HEC-HMS-derived hydrographs [30]. HEC-RAS is an integrated system of 92 
software, designed for interactive use in a multi-tasking environment. The system is comprised of a 93 
graphical user interface (GUI).With separate analysis components, data storage, management 94 
capabilities, graphics and reporting facilities the HEC-RAS system contains one and two dimensional 95 
river analysis components for: (1) Steady flow water surface profile computations, (2) Unsteady flow 96 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 October 2018                   doi:10.20944/preprints201810.0650.v1

http://dx.doi.org/10.20944/preprints201810.0650.v1


 3 of 22 

 

simulations, (3) movable boundary sediment transport computations, and (4) water quality analysis. 97 
A key element is that all four components use a common geometric data representation and common 98 
geometric and hydraulic computation routines [31]. This integrated flood inundation mapping 99 
approach is useful and accurate for inaccessible mountainous areas that lack river gauges and 100 
automatic weather stations. 101 

2. Materials and Methods  102 
2.1. Study Area 103 
 104 
The research area of CRB (also known as Kunar River Basin (KRB)), is an upper sub-basin of the 105 

Kabul River basin located in north western Pakistan, and is the second largest river of Pakistan. It has 106 
five sub basins namely Mastuj, Laspur, Mulkhow, Lotkhow and Chitral (see Figure1). Chitral area is 107 
located at the epicentre of the region that hosts some of Pakistan’s highest Hindu Kush Mountains 108 
(Tirick Mir peak elevation 7708 m) and is subjected to glacial melting due to global warming [32, 33]. 109 
The people living in this mountainous region are exposed to extreme climatic events including flash 110 
floods, avalanches, glacier breaks, GLOFs, and landslides. These disasters ultimately affect human 111 
lives, meagre livelihoods, resources and scarcely available infrastructure [34]. The mean temperature 112 
in Chitral has been increasing, resulting in unprecedented precipitation, and leading to disastrous 113 
floods [35]. The drainage of CRB is about 11400 km2 (see Figure 1).  114 

Figure1: Map of sub basins of CRB. The base map shows the DEM. 115 

 116 
The Chitral River is snow and glacier fed and the mean annual runoff of the river for 34 years 117 

(1964-67, 1969-98) has been 8670 Mm3 with the maximum discharge recorded at 1585 m3/s on July 16, 118 
1973 and the minimum discharge recorded at 46m3/s on March 10, 1964[36, 37]. The source of the 119 
Chitral River is Chiantar Glacier Yarkhun valley and it flows until it enters Afghanistan. Throughout 120 
the route, it has various names. During its journey through the cast and long valley of Yarkhun, it is 121 
called the Yarkhun River [38]. At Mastuj, it is joined by Laspur River which is its first main tributary 122 
and drains a huge section of the northern face of the Shandur Hindu Raj range. From here it is called 123 
Mastuj River and continues until it reaches a place called Gankorini, four miles above Chitral town. 124 
Throughout its course the main stream collects numerous hill torrents and steams from both banks 125 
and the Torkhow River from the right. The Torkhow River drains the regions of Torkhow and 126 
Mulkhow watersheds. At Gankorini, it is joined by the Lotkoh River and from there on it becomes the 127 
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Chitral River till it enters Afghanistan at Arandu. On its way, the Chitral River is joined by many 128 
streams and side valleys such as Jughoor Gole, AyunGole, Kalashgum, ShishiKuh and Ashuret. The 129 
main valley as a whole from Broghil to the border of Afghanistan is about 320 kilometres long. The 130 
average width of the valley is not more than 5/6 kilometres. The valley floor rises gradually from 3377 131 
feet at Arandu to 12270 feet at Showar Shur in Broghil [39]. 132 

 133 
2.2. Data Collection 134 
 135 
TRMM rainfall product 3B42 data for July 16 and 17, 2015 with three hour temporal resolution 136 

were downloaded from pmm.nasa.govwebsite in CDF format for CRB. The DEM for CRB was 137 
downloaded from USGS site and clipped for the research area of interest (AOI).Land use land cover 138 
(LULC) data for CRB was acquired from CCS Support Unit of IUCN–The World Conservation Union. 139 
LULC data was used to calculate the roughness values for the HEC-RAS and HEC-HMS modelling 140 
tools. Flood field observation discharge data for those two days were acquired in cooperation with 141 
AKRSP. This observation flood discharge data were used for the validation of simulated results 142 
through a comparison of flood stages. The geological and soil data were obtained from the Geological 143 
Survey of Pakistan (GSP). 144 

 145 
2.2. Flood Modelling Methodology 146 
 147 
The flood modelling methodology was developed through an integration of the remote sensing 148 

data TRMM, GIS for preparation of spatial data, HEC-HMS for measurement of rainfall-runoff and 149 
river analysis system (HEC-RAS) to delineate hydraulic modelling zones for CRB. This approach is 150 
useful for flood protective modelling in upstream areas and future development in downstream and 151 
low lying areas [40, 41]. The DEM data was pre-processed using fill and sink tools in Arc GIS 152 
environment. The pre-processed DEM was used to generate the sub watershed boundary of CRB. A 153 
CRB boundary shape file was extracted through a watershed delineating process in Arc Map using a 154 
hydrology tool. TRMM rainfall data were downloaded in netCDF format, which is converted to 155 
raster layers using multidimensional tools. Next, netCDF Raster Layers in Arc GIS 10.2.2were made. 156 
The 3 hour rainfall interval TRMM data forJuly 16 and 17, 2015, were estimated by combining the 157 
netCDF raster and sub basins shape file using the zonal statistic tool in ArcGIS environment for five 158 
watersheds within the CRB: Yarkhun, Laspur, Mulkhow, Lotkhow and Kunar. The 3 hour rainfalls 159 
on July 16 and 17 were populated to cover the sub basins rainfall table in HEC-HMS environment for 160 
the calculation of rainfall-runoff (see Figure 2)[42, 23]. 161 
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 162 
Figure2: Downloaded three hour TRMM based precipitation on July 16 and 17, 2015 in CRB. 163 

 164 
HEC-HMS model was used to compute the rainfall-runoff for the five subbasins of the CRB. 165 

Watershed areas were prepared by using the basin model manager tool of HEC-HMS. A sub basin 166 
tool was used to create the five sub watersheds: Yarkhun, Laspur, Mulkhow, Lotkhow and Kunar. 167 
The junction tool was used to combine the streams. United States Department of Agriculture (USDA) 168 
Soil Conservation Service (SCS) Curve Number loss method was used for each sub basin of the CRB. 169 
The SCS method requires three input parameters: initial loss (mm), constant rate (mm/h) and 170 
impervious area (%). Next, SCS unit hydrograph and Clark unit hydrograph were applied to 171 
transform the method [44, 45]. Meteorological model, control specification and precipitation were 172 
populated in time series windows. These methods successfully simulated the main and sub stream 173 
flows within the CRB. The output of the model was the discharge hydrographs and time series flow 174 
table at each sub basin outlet. The simulated discharge data were validated with flood observation 175 
data from those two days. The flood observation data were collected in cooperation with AKRSP 176 
organization. The HEC-HMS output simulated discharge hydrographs and Time series flow data 177 
was used for flood inundation mapping in the HEC-RAS environment. 178 

HEC-RAS modelling tool was used with input of the terrain areas, prepared geometrical data, 179 
unsteady flow data, and the execution output of flood inundation model. The flood inundation maps 180 
were imported to Arc Map for an overlay analysis to calculate the flood exposure, vulnerable road 181 
sites and bridge damage in the CRB [46]. RAS Mapper is a Geospatial tool (GIS) in HEC-RAS 182 
platform, and has been used for the geo projection and creation of terrain. RAS Mapper also has the 183 
capability to display the water surface elevations (traditional floodplain mapping), flood plain 184 
depths, flood plain boundaries and flow velocities [47].Geometric data for hydraulic flood modelling 185 
were prepared in the geometric window of HEC_RAS (5.0.0). Geometric data include the creation of 186 
mesh (2D flow area) for two dimensional modelling in HEC_RAS and boundary conditions 187 
(upstream and downstream). Terrain surface was used to create geometrical data in the geometric 188 
window of HEC-RAS. Computational mesh was created for 2D modelling in HEC-RAS. The mesh 189 
was generated with a computation point spacing of DX 300 and DY 300. The mesh contains 6115 cells. 190 
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Mesh generates three parameters: maximum, minimum and average with area covered against each 191 
cell. There are 2993 maximum cells with area cover of674784.10 (sqft), minimum cells having 192 
48880.36(sqft) area cover and average cell covering100955 (sqft) area. The manning values were set 193 
for the entire CRB which is mostly covered with barren land and Rocky Mountains. Four upstream 194 
locations were marked at the specific sites of Yarkhun, Laspur, Mulkhow, Lotkhow and one 195 
downstream area was marked at Osiak Drosh village [31]. The HEC-HMS based simulated discharge 196 
hydrographs and Time series flow data were populated in an unsteady flow data window of 197 
HEC-RAS for all five sub rivers basins of CRB and normal depth of downstream was set at 0.01[48]. 198 
Peak flood scenario was developed usingtwo dimensional unsteady flow routing (full Saint Venant 199 
equation, also called Diffusion wave equation). In the unsteady flow analysis, the model ran 200 
(geometry pre-processor, unsteady flow simulation) with simulation time (starting and ending) and 201 
computational setting (computational interval, hydrograph output interval, mapping output interval 202 
and detail output interval). Finally, unsteady flow analysis was executed, which generated flood 203 
depth, Velocity, and Water Surface Elevations (WSE). The results of the flood were visualized in RAS 204 
Mapper window and a flood simulation video was also developed in RAS mapper environment [49]. 205 
The results of flood surface, including the flood depth; velocity and WSE were exported from RAS 206 
mapper. These flood surfaces were imported in Arc Map to calculate the flood exposure, LULC flood 207 
exposure statistic, using flood surface polygon overlays and LULC shape files using intersection tool. 208 
The vulnerable roads and bridges along the CRB were also identified and measured using overlay 209 
analysis tools in ArcGIS environment [50]. The work flow diagram of the research study 210 
methodology is illustrated in Figure3. 211 

Figure3: Workflow diagram of methodology. 212 
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3. Results 213 
The results of this study include the estimation of rainfall using TRMM satellite data from July 214 

16 and 17, 2015, rainfall-runoff by integration of TRMM based rainfall data with other data in 215 
HEC-HMS environment, hydraulic flood inundation modelling through HEC-HMS based simulated 216 
discharge hydrographs, Time series runoff data in HEC-RAS, the development of flood depth, 217 
velocity maps and flood simulation video in RAS Mapper as well as an analysis of flood inundation, 218 
areas of risks flood exposure and flood hazard and risk maps development  in Arc GIS environment 219 
[51]. 220 
3.1. TRMM Rainfall data 221 
 TRMM 3B42 precipitation data taken at 3 hour intervals were used to calculate the sub basin 222 
rainfall in Arc Map 10.2.2 by integrating multidimensional and zonal statistic tools for the five basin 223 
of the CRB. Two isolated thunder rainfalls occurred there on those days. A total of 29 mm of rain fell 224 
between 0900 and 2100 hours on July 16 while 38.1 mm of rain fell from 0900to 2400 hours on July 17, 225 
2015(see Figure 4). This isolated thunderstorm generated flash flooding which further damaged 226 
houses, washed out agricultural land and badly impacted the road infrastructure and power stations. 227 
The rainfall data was used in HEC-HMS environment to generate rainfall-runoff for each sub basin of 228 
CRB: Chitral/Kunar received 41.19mm, Lotkhow 17.97mm, Mulkhow5.36mm,Laspur 4.57 and Mastuj 229 
1.88mm (see Figure 5). 230 

 231 
Figure4: Distribution of TRMM based rainfall recorded in 3 hour intervals in CRB. 232 

 233 
Figure 5: TRMM satellite based rainfall distribution in five sub basins of CRB. 234 
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3.2. Rainfall-Runoff in HEC-HMS. 235 
Rainfall-runoff was computed for the five river basins based on SCS curve number (SCS-CN), 236 

and SCS unit hydrograph transform methods. The SCS-CN takes into account the effects of land 237 
use/cover, soil types, and hydrologic conditions on surface runoff, and it relates direct surface runoff 238 
to rainfall. The SCS-CN method has been used for estimating rainfall-generated surface runoff in 239 
watershed hydrologic modelling. The results of hydrological modelling peak discharge (CF, cubic 240 
feet) for all five sub basins were compared with observation data (Figure 6). The output of each sub 241 
basins consists of Time series table, Outflow, Soil infiltration, Excess precipitation, Cumulative excess 242 
precipitation, Precipitation loss, Cumulative precipitation loss, and direct flow(Table 1). We used 243 
final rainfall-runoff hydrograph and time series data that was populated in an unsteady flow data 244 
window to perform flood simulation modelling in the HEC_RAS environment. 245 

 246 
Figure 6:  Comparison of simulated and observed runoff of CRBstreams  247 

Sub Basin  
Chitral 
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Kunar 26000 0.51 0.087 0.122 0.51 1.4 
Mastuj 12000 0.53 0.064 0.089 0.53 1.5 
Laspur 3200 0.57 0.041 0.059 0.55 1.8 
Mulkhow 18000 0.5 0.086 0.13 0.5 1.3 
Lotkhow 9000 0.54 0.085 0.085 0.56 1.8 

Table 1: Show the Hydrological parameter values. 248 

Figure7: Inflow of Mastuj, Laspur, Mulkhow and Lotkhow to Kunar/ CRB 249 
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The total amount of precipitation, precipitation loss, base flow and outflow/Runoff of all five sub 250 
basins namely Mastuj, Laspur, Mulkhow and Lotkhow to Kunar/ CRBs are shown in Figures 17-21 in 251 
Appendix A. 252 

 253 
3.3. Development of flood maps 254 

Hydraulic flood maps were developed in an Arc GIS environment. First of all, the data was 255 
exported from RAS Mapper of HEC_RAS and then imported into Arc Map to develop the flood 256 
depth map of CRB. The maps are based on the 2015 flood discharge data of the five sub streams 257 
(Yarkhun stream at Mastuj, Laspur stream at Istordeni, Torkhow stream at Bumbagh, Karimabad 258 
stream at Momi and Garamchasma stream at Andakhti villages). The flood depth map shows that the 259 
maximum flood depth was 23.168 meters (See Figure 8). The simulated flood of 2015 was classified 260 
into three classes on the basis of flood depth (feet). The first class range is 0.03 to 0.42 meters covering 261 
74% of the flooded area (9809.006 hectares), while the second class is 0.45 to 0.85 meters of depth 262 
covering 20 % of the flood area (2600.39 hectares) and the flood depth above 0.85 meters which 263 
covered only 7 % of the flood area (900.62 hectares). 264 
 265 

 266 
Figure 8: Flood depth map of CRB from the July 16 & 17, 2015 flood event. 267 

HEC-RAS was used to determine the elevation of a given flood, such as the base flood, and the 268 
extent of flooding as well as Hydraulic modelling tools also provided additional helpful information 269 
of floodwater velocities. These velocities can be used as design velocities for the development of 270 
mitigation measures in target areas. Flood velocity is largely dependent on the slope and roughness 271 
of the stream channel and overbank terrain. Water moves downstream faster when channels and 272 
overbank areas are steeply sloped. Water also flows faster over paved or smooth surfaces such as 273 
roadways or parking lots as opposed to densely vegetated stream banks. Streams in steep or 274 
mountainous areas tend to have higher floodwater velocities that are capable of more damage than 275 
those in flatter areas [52]. Figure 9 shows the flood velocity map of the CRB. The maximum speed of 276 
flooding was 34 meters per second. Flood velocities of CRB streams were measured at specific sites 277 
such as Yarkhun stream at Mastuj, Laspur stream at Istordeni, Torkhow stream at Bumbagh, 278 
Karimabad stream at Momi and Garamchasma stream at Andakhti villages during this flood.  279 
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 280 
Figure9: Flood velocity Map of the CRB streams. 281 

Flood hazard maps of CRB were developed by combining the flood depths and velocity 282 
surfaces. First, the integrated surface of flood depth and velocity were developed in RAS Mapper and 283 
exported.  Then, this surface data were imported into arc maps and layouts were made. Hazard 284 
zones were classified into three hazard types: high is shown in red, medium is shown in orange and 285 
low in Green. Sixty percent of the flood area (8000.2 hectares) is high hazard, 31% (4130.20 hectares) 286 
were classified as medium hazard and 9 % (1179.8hectares) of the flood area is low (See Figure 10). 287 

 288 
Figure 10: Flood Hazard Map with hazard classifications of High, Medium and Low 289 
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A Flood risk map of the CRB was developed in Arc Map through overlaying bridge point data 290 
and roads in line shape files onto the flood hazard zone (see Figure11). This flood risk map only 291 
shows the bridges and road sections which were exposed to the flood. The exposure of bridges and 292 
roads to flooding were calculated using the intersect tool of arc Map. A total of 60 bridges were 293 
exposed to simulated floods in the Chitral district, 10 bridges exposed in Chitraltehsil, 14 inLotkhow, 294 
9 in Mulkhow, and 27 in Mastujtehsil. 295 

Figure 11: Flood risk map including at risk bridges and road sections in CRB. 296 
 297 
3.4. Flood Arrival Time 298 

Time arrival information of a flood is very crucial for mountainous area. This has been used as 299 
an early warning for the evacuation of people from flood hazardous areas. Flood arrival time is 300 
directly related to the topography of the area, land use land cover properties and the volume of 301 
water. The time arrival of flood water increases in steep slope areas while it decreases in plains areas. 302 
Chitral watershed has very rough topography. The time arrival of flood varies within the five sub 303 
basins. Figure 12 shows the flood arrival time in hours versus the submerged area in sq km of sub the 304 
Chitral watershed sub basin.  The flood submerged 47.7 sq kms within 24 hrs, 37.2 sq kms from 25 to 305 
36 hrs and by 36 hours it submerged 79.3 sq kms. 306 

 307 
Figure 12: Shows the flood arrival time verse submerge area in sq km of Chitral sub basins. 308 
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3.5. Calculation of Flood Exposure 309 
Flood hazard exposure was calculated using an intersection process of flood hazard zones with 310 

LULC as well as road and bridge shaped files. The intersection results were exported to Microsoft 311 
Excel for the development of graphs and tables. LULC flood exposure (Table2) shows the exposure of 312 
settlement, agricultural land, barren land, forest, shrubs and bushes, river beds and water bodies in 313 
hectares. Roads exposed to flooding were calculated in kilometres in the Chitral sub river basin and 314 
bridges exposed to flood were also calculated. The flood exposure shows that Mastujtehsil has more 315 
road infrastructure exposure at approximately 124 kilometres, Lotkhowtehsil has 90 km of road 316 
exposed and Mulkhow and Torkhowtehsil have 24 kilometres and Chitraltehsil has 20 kilometres of 317 
road exposed to flooding. 318 

Table 2: Simulated flood exposure as per July 16 & 17, 2015 flood event in CRB. 319 

FID Provinces District LULC Flood Exposure Hectares 

2 khyberpakhtunkhwa (KP) Chitral Settlements 180.0 

1 khyberpakhtunkhwa (KP) Chitral Agriculture Land 3298.2 

3 khyberpakhtunkhwa (KP) Chitral Barren Land 2035.2 

4 khyberpakhtunkhwa (KP) Chitral Forest 684.3 

6 khyberpakhtunkhwa (KP) Chitral Shrubs And Bushes 1575.3 

7 khyberpakhtunkhwa (KP) Chitral River Beds 5535.7 

8 khyberpakhtunkhwa (KP) Chitral Water Bodies 1.513846 

Total flood exposure 13310.1 
 320 
3.6. Validation of flood results. 321 

Validation of flood depth was carried out using the flood depth data and flood duration data 322 
which were collected in cooperation with AKRSP, and were compared with simulated hydraulic 323 
flood depth measured in RAS Mapper. For the correlation of real and simulated flood depth, we 324 
measured and compared the field measured depth of flooding at the same locations within the RAS 325 
Mapper environment (coordinates X, Y), and those acquired from field camps during the July 16 and 326 
17, 2015 flooding. The results of the simulated flood and real flood show a close relationship, but 327 
there is an increase in the real flood depth while the simulation data shows a decrease in depth. This 328 
is caused by low resolution DEM and the lack of high resolution digital terrain model (DTM) data. 329 
The validation statistics are shown in Table 3. 330 

Table 3: Validation statistics of real flood and simulated flood of July 2015 in CRB 331 

Sub stream  Location 
Real Flood  

Mean depth(meter) 
Simulated Flood  

Mean depth(meter) 
Error 

Laspur River Istordeni 6.4 5.3 1.1 

Yarkhun) Mastuj 7.5 6.7 0.8 

Lotkhow Bumbagh 8.8 7.6 1.1 

Karimabad Momi 7.1 7.0 0.1 

Garamchasma Andakhti 6.0 5.5 0.6 
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3.7. Uncertainty Analysis 332 
As discussed above, the TRMM rainfall, HEC-HMS and HEC-RAS based method has the 333 

capacity for flood modelling in mountainous regions without river gauges and weather stations. In 334 
this study we have calculated the rainfall from TRMM data, rainfall-runoff in HEC-HMS and 335 
hydraulic flood simulation in HEC-RAS. The results of flood modelling could be used as useful 336 
information for emergency response and flood mitigation purposes. Uncertainty analysis of the 337 
TRMM rainfall data, rainfall-runoff, flood depth and velocity are critical for the improvement of 338 
flood prediction capabilities. Uncertainty in flood inundation mapping arises from input data as well 339 
as modelling approaches including hydraulic modelling, hydrologic modelling, and terrain analysis. 340 
Although the variables contributing to uncertainties in flood inundation mapping are well 341 
documented by several studies [54-57],the accuracy of TRMM rainfall, hydrological runoff and 342 
hydraulic results i.e. flood depth and velocity is determined by the uncertainty method (fundamental 343 
measurement method). 344 

I. Measured Error. 345 
II. standard deviation 346 

III. Distribution Variance 347 
IV. Distribution Standard Deviation 348 
V. Measurement Uncertainty 349 

Measurement error is the difference between a measured value and the “true” value  350 x୫ୣୟୱ୳୰ୣୢ = x୲୰୳ୣ + ε୶ 351 
Xtrue value a fixed quantity while the measurement error (εx) is a variable. 352 
Standard deviation is the spread of an error distribution. The standard deviation is the square root of 353 
the distribution variance 354 
Standard deviation                =     Varx୫ୣୟୱ୳୰ୣୢ) = Var(ε୶) = ε୶2ି 355 
Distribution Variance             =     Varx୫ୣୟୱ୳୰ୣୢ) = Var(x୲୰୳ୣ + ε୶) = Var(ε୶) 356 
Distribution Standard Deviation   =    σ୶ =  σε୶  =  ඥVar(ε୶) 357 
Measurement Uncertainty         =    u୶ = σ୶ =  σε୶  =  uக౮ 358 

Rainfall uncertainty was calculated through a fundamental measurement method using TRMM 359 
rainfall data of 16 and 17 July and average rainfall data of July from 2000 to 2015 which was acquired 360 
from Pakistan Meteorological Department (PMD). The average measurement error is 13.994, 361 
standard deviation 16.268, distributed variance 30.262, distribution standard deviation 30.262 and 362 
measurement uncertainty is±16.26. We have also calculated the uncertainty of TRMM rainfall data 363 
using Uncertainty Sidekick software (Figure: 13). 364 

 365 
 366 

Figure:13 show the uncertainty result of TRMM using Uncertainty Sidekick 367 
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The result of velocity uncertainty through this fundamental measurement method shows the 368 
average measurement error is 1.002; standard deviation 0.76; distributed variance 1.76; distribution 369 
standard deviation 0.577and measurement uncertainty is± 0.760. The results through uncertainty of 370 
TRMM rainfall data using Uncertainty Sidekick are shown in Figure 14. 371 

 372 
Figure:14 show the uncertainty result of Flood Velocity using Uncertainty Sidekick 373 

The result of flood depth uncertainty through fundamental measurement method: average 374 
measurement error is7.16; standard deviation 1.09; distributed variance 8.25; distribution standard 375 
deviation 1.18 and measurement uncertainty is± 1.09. The results of the uncertainty of flood depth 376 
using Uncertainty Sidekick is shown in Figure 15. 377 

 378 
Figure:15 show the uncertainty result of Flood depth using Uncertainty Sidekick 379 

 380 
The rainfall-runoff uncertainty according to fundamental measurement method: average 381 

measurement error is 44.27; standard deviation 28.93; distributed variance 336.01; distribution 382 
standard deviation 837.20 and measurement uncertainty is± 28.93 (see Figure16.The uncertainty 383 
result of TRMM rainfall has close agreement in both methods of uncertainties. While other parameter 384 
like flood depth, Velocity and rainfall-runoff has some deviation between the fundamental 385 
measurement method and Uncertainty Sidekick.  386 
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 387 
Figure: 16 show the uncertainty result of rainfall-runoff using Uncertainty Sidekick 388 

 389 
 390 
Uncertainty analysis of the TRMM rainfall data, rainfall-runoff, flood depth and velocity are 391 
combined and presented in the Table 4. 392 
 393 
Table 4: Uncertainty analysis of the TRMM rainfall data, rainfall-runoff, flood depth and velocity 394 
 395 

Parameters 
Average 

 Measured 

Measurement  

Error 

Distribution 

Variance 

Standard 

Deviation 

Distributed  

 Variance 

Standard  

Variance 

Measurement 

 Uncertainty 

TRMM rainfall 13.99 41.19 264.65 16.27 57.46 264.65 16.27 

Rainfall-Runoff 44.27 86.45 837.20 28.93 115.38 837.20 28.93 

Flood Velocity 1.00 1.72 0.58 0.76 2.48 0.58 0.76 

Flood Depth 7.16 6.40 1.18 1.09 7.49 1.18 1.09 

 396 
The measurement error of TRMM rainfall is 41.19, which is a large gap affected by the uncertainty of 397 
TRMM rainfall data. This large gap is related to the large difference between the average rainfall data 398 
for the month of July in the years of 2001 to 2015 (acquired from PMD) and the TRMM rainfall data of 399 
July 16 and 17, 2015. The isolated thunder rainfall occurred in Chitral River, but no rainfall 400 
occurrences were recorded at the PMD weather station, which is located in this area. This rainfall on 401 
those 2 days in July 2015 broke all preceeding rainfall records. The rainfall was 0.61 times more than 402 
the average observed rainfall that was documented from 2001 to 2015. The generated flash floods and 403 
debris flow of this July 16 and 17 event damaged a significant number of infrastructures, roads, 404 
bridges, agricultural fields and houses. 405 
 406 
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4. Discussion 407 
Chitral River is a tributary of the Kabul River and the second largest river in Pakistan. The 408 

Chitral River is fed by snow and glacier melt and receives much of the snowfall during the winter 409 
(Dec to Feb) and pre monsoon (April to May) seasons. During monsoons, discharge data from 410 
thunderous rain storms causes floods, flash floods and GLOF [53].Historically, Chitral watershed has 411 
been affected by devastating flood events. The 2015 flood event was devastating in the history of 412 
Chitral. The lack of weather stations data and river gauges data coupled with the rough mountain 413 
topography caused difficulties for properly calibrating and validating a flood model. To address 414 
these issues, we have developed a remote sensing base flood model. The results show that our 415 
methods can be used for future flood management practices in mountainous regions where there is 416 
limited observation data. 417 

The flood model was developed using remote sensing TRMM based rainfall data from July 16 418 
and 17, 2015 in the CRB. This TRMM rainfall data were used for the calculation of rainfall-runoff in 419 
HEC-HMS environment and hydraulic flood modelling was performed in HEC-RAS using simulated 420 
discharge hydrograph and time series runoff data was prepared in HEC-HMS. The results of 421 
hydraulic flood modelling are flood inundation boundaries, flood depth and height and flood 422 
velocity surfaces as well as flood exposure and elements at risk in the sub-rivers: Mastuj, Laspur, 423 
Mulkhow, Chitral and Lotkhow. We have compared the simulated flood results with the damage of 424 
the July 2015 flood in CRB. 425 

We used TRMM 3B42 precipitation data for those two days. This data product consists of TRMM 426 
TMPA Rainfall, which merged satellite rainfall estimates (S) and gauge data (G). This was used to 427 
extract the isolated thunder rain storm in the entire CRB region. TRMM is a favourable alternative to 428 
conventional precipitation observations using rainfall gauges. TRMM data provides real time 429 
distributed data which have improved research results in the field of hydrological modelling 430 
[26-28].The sub basins of Chitral watershed received different amounts of TRMM rainfall within 16 431 
and 17 July, 2015.Kunar/Chitral, the largest sub basin which covers 37% of Chitral watershed area,  432 
received 41.2 mm rainfall. Mastuj, covering 11%, received 1.9 mm, Laspur (5% )received 4.6 mm 433 
while Lotkhow which covers 21%, received 17 mm and Mulkhow  which covers 26%,  received 434 
only 5mm of rainfall. This variation is due to the isolated thunder rainfall pattern on those two days 435 
in the Chitral watershed. The Mulkhow is the second largest basin, but it received less rainfall than 436 
Lotkhow basin. This is due to the low rainfall occurrence. That is why the rainfall-runoff was also low 437 
in Mulkhow, Laspur and Mastuj while it increased in Kunar/ Chitral river basin and Lotkhow river 438 
basin as per the results of HEC-HMS. The validation results of HEC-HMS based discharge data have 439 
a close agreement with the load observation data of July 16 – 17, 2015, acquired from AKRSP 440 
organization. The agreement statistic of simulated discharge and real flood discharge: Chitral/Kunar 441 
basin has 92%, Laspur basin 87%, Mulkhow 82%, Lotkhow 77% and Mastuj basin 75%. These 442 
HEC-HMS based discharge hydrographs and Time series flow data was used for flood inundation 443 
mapping in HEC-RAS environment.  444 

We have validated the results of simulated hydraulic flood in two ways. First, we compared the 445 
simulated flood zones with available flood damage on July 16 and 17, 2015. The flood damage data 446 
were acquired from Provincial Disaster Department Authority (PDMA), FOCUS Pakistan and 447 
Provincial Reconstruction and Rehabilitation and Settlement Authority. Real flood damaged 40 km of 448 
road sections, 60 bridges and 1200 acres of standing crops in the entire Chitral river basin while the 449 
simulated flood shows that a total of 60 bridges, 262 kilometres of road, 01 % of urban area, 25% of 450 
agriculture along the Chitral River from the Chanter glacier to Osiak village are in the flood impact 451 
zone. Secondly, we have verified the simulated flood with real flood through flood depth stack 452 
(height)at five locations in CRB. Validation of flood depth was carried out in RAS Mapper and Arc 453 
Map 10.2.2 environment. We measured the depth of flood in the same locations in RAS Mapper 454 
environment with respective locations of the real flood depth data using coordinates X, Y.  Results of 455 
simulated flooding and real flooding show a close relationship, but there is an increase in the depth 456 
of the real flood while the simulation data show a decrease in depth. This may be largely due to the 457 
unavailability of high resolution DTM data. The validation statistics were shown in Table2. 458 
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After completing the hydraulic analysis of Chitral River and its floodplain, efforts were made to 459 
reduce the errors in data and results through validating them with round data. The main limitation 460 
resides in low resolution DEM. It is the base topography or terrain on which the analysis was 461 
performed. Unavailability of updated land use land cover data is a gap that needs to be filled in order 462 
to calculate the actual river floodplain roughness value. It is possible to delineate the highly accurate 463 
flood zonation using high resolution digital terrain data set with updated LULC data of the Chitral 464 
district. 465 

5. Conclusions 466 
CRB has experienced devastating flood events in the past, but there were neither hydraulic 467 

modelling nor mapping zones available for the entire CRB. This study presents an integrated 468 
methodology for regional scale flood modelling that integrates the available TRMM satellite data, 469 
GIS, hydrological HEC-HMS and hydraulic HEC-RAS models. The flood model is appropriate for 470 
regional studies especially for rough mountainous areas where there is no local rainfall observation 471 
data or river discharge gauges. The result of flood modelling based on remote sensing rainfall data 472 
will be useful for developing regional flood early warning and flood mitigation systems in flood 473 
hazardous areas along the Chitral River. The present study, including the flood simulation video 474 
could be used for disaster preparedness training in communities living in the Chitral district. This 475 
approach will increase the coping and adaptive capacity of the local population against the impact of 476 
future floods. This research and methodology could be applicable for other locations which need to 477 
conduct hydrological and hydraulic studies. Incorporating the local stakeholders and geographic and 478 
weather conditions are essential to this modelling process. 479 
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Kunar River basin/CRB 499 

Mastuj River Basin 500 

 501 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 October 2018                   doi:10.20944/preprints201810.0650.v1

http://dx.doi.org/10.20944/preprints201810.0650.v1


 19 of 22 

 

Laspur 502 

 503 
Mulkhow 504 

 505 
Lotkhow 506 

 507 
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