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Debris flow phenomenon: A potential outcome of the changing
climatic pattern in Northern Pakistan

S. Sadig, M.A. Janjua, H. Ali, A.A. Awan

Geological Survey of Pakistan, Islamabad, Pakistan, simonsadig@yahoo.com

Abstract. Climate change is not a theory, we are currently undergoing an era where it is
being experienced. The 2022 catastrophic rains and the resultant destruction they caused
in Pakistan are seen by the experts as a glimpse of what lies ahead. Like other parts of the
world, the changing climatic patterns are going to influence Pakistan in a number of ways
including their impact on natural disasters in the country. Studies have projected the rates
of warming in Pakistan greater than the global average. The 2022 field campaign of
Geological Survey of Pakistan carried out in Gilgit-Baltistan observed that debris flows
constituted about 75% of the mass-movement hazards in response to July-August
catastrophic rains; about 100% of the mass-movement related casualties were caused by
the debris flow phenomenon; anthropogenic activities further aggravate the situation by
inducing the mass movement phenomenon. The increasing debris flow events will not only
affect the local communities but will also have long-term effects on the downstream
communities e.g., enhanced rates of sedimentation will reduce the storage capacities of
downstream water reservoirs. A clear relationship has been observed between debris flow
events and the stream gradient but a number of other factors need to be considered as well.
Much more work needs to be done for a reliable debris flow hazard assessment and
mitigation strategies in northern Pakistan.

Key words: debris flow, climate change, precipitation, catchment, digital elevation
model
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MdeHOMEH CesIeBbIX MOTOKOB: MOTEHUHAIbHBIN Pe3yJIbTAT H3MEHCHUA
KJIuMaTudeckoro pe:xxuma B Cesepaom Ilakucrane

C. Caguk, ML A. /I:xkanmkya, X. Aan, A.A. ABaH

Teonocuueckas cyscoa [akucmana, Keemma, Iaxucman, simonsadig@yahoo.com

AHHoOTanus. l3MeHeHMe KJIMMara — 3TO HE TEOpus, B HACTOSIIEEe BPEMS MBI
MIEPEeKUBAEM 3IIOXY, KOTIa 3TO MPOUCXOIUT Ha COOCTBEHHOM ombITe. Katactpoduueckue
noxnan 2022 1. W BBI3BaHHBIE HUMH paspymeHus B [lakucTane paccMaTpHBaIOTCS
9KCIEepTaMM Kak MPOOJIECK TOTO, UTO JKIeT Hac Brepenu. Kak u B Ipyrux 4acTsaxX CBETa,
N3MEHEHHE KIMMAaTHYeCKHX YCJIOBHH Oyner BimsATh Ha [lakucraH pa3iudHBIMU
crocobamy, BKIIIOYash BO3/EHCTBHE CTUXMHHBIX OenctBuit B crpane. CoriacHo
HCCIIeIOBaHUSAM, TeMIIbl NoTerieHus B [lakucrane npeBslmaoT cpeiHeMupoBsie. B xoze
nojeBoi kammaHuu [eonormueckoil ciyxObl [lakmcrana, nposepeHHO# B ['murut-
Bantuctane B 2022 1., OBIJIO OTMEYEHO, YTO CEJEBBIE MOTOKH COCTABJISAIOT OKOJIO 75%
OTIACHBIX MAacCCOBBIX SBJICHWH, BBI3BAaHHBIX KaTaCTPOPHUECKUMH AOXKISIMH B HIOJIE-
asrycre; okojio 100% xXepTB, CBS3aHHBIX C MAacCOBBIM JBM)XKCHHEM, OBUIH BBI3BAHBI
CeJIeBBIMHU IIOTOKAMH; aHTPOIIOTEHHAS IeATEIFHOCTH eIle OOJIbINe yCYTyOIseT CUTyaluio,
IIPOBOLIMPYST MAacCCOBOE JIBI)KCHHE. YUACTUBIIHECS CIy4ad CXOAA CEJEBBIX IOTOKOB HE
TOJIKO 3aTPOHYT MECTHOE HAaceJIeHHe, HO M OKaXyT IOJITOCPOYHOE BO3IEiHCTBHE Ha
pacIoyIO’KeHHBIE HIDKE 110 TEUEHHIO HACEICHHBIE IYHKTBI, HANpUMEp, YBEIHYCHHE
CKOPOCTH OCaJKOHAKOIUIGHWS TIPHBENET K CHIDKEHHIO EMKOCTH BOIOXPaHMJIHILI,
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DACIIONIOKEHHBIX HIDKE M0 TedeHHo. HalOmromaercs dYeTkas B3aMMOCBS3b MEXTY
CeJIeBBIMH IIOTOKaMH H YKIIOHOM IIOTOKa, OTHAKO HEOOXOJUMO YUHUTHIBATh U PSI APYTHX
(axtopoB. [l TOCTOBEpHOW OIIGHKM OIIAaCHOCTU CEJEBBIX MOTOKOB W pa3paboTKu
CTpaTeruii CMArdeHusl uX MocieACTBUH B ceBepHOM [lakucrane HE0OX0UMO MPOAENATH
ele MHOTO paboThl.

Knrouesvie cnosa: Cenegvie nomoku, usmeHenue Kiumama, 0caoku, 6000co0p,
yughposas modenv penvedpa

Cebuika aast uutupoBanusi: Camuk C., bxanmkya M.A., Aim X., ABan A.A. ®deHOMEH CeleBbIX MOTOKOB:
MOTEHIMAIBHBIN pe3yJIbTaT U3MEHEHHs KIIMMaTnaeckoro pexxuma B CeBepHoM Ilakncrane. B ¢6.: CeneBble MOoTOKH:
KaTtacTpodbl, PUCK, IPOrHO3, 3amuTa. Tpynsl 7-ii MexayHapoaHoit koHdepenimu (Usnay, Kuraii). — OTB. pexn.
C.C. Uepnomoper, K. Xy, K.C. Bucxamxkuepa. — M.: OO0 «['eomapkeTunry, 2024, c. 429-444.

Introduction

Pakistan being located in a tectonically active regime present the development of plate
boundaries that involve collision, subduction, obduction and strike-slip faulting a variety of
plate boundaries [Farah et al., 1984]. Northern Pakistan is prone to seismic and mass
movement hazards due to its particular terrain and tectonic setup; mass movement phenomenon
ranges from rockfall, slides, debris flow, snow avalanche and Glacial Lake Outburst Flood
(GLOF). Many studies have documented the plenty of landslides in the region [Ahmed et al.,
2015; Akhtar et al., 2017; Basharat et al., 2014; Hewitt, 1998, 1999; Hussain & Awan, 2009;
Latif et al., 2013, 2015, 2016; Nash et al., 1985; Owen et al., 1996; Sadiq et al., 2012, 2021;
Sadig & Momose, 2017; Sadiq & Shah, 2016a, 2016b; Sato et al., 2007; Shroder & Bishop,
1998; Torizin et al., 2018]. These hazards continuously pose a threat to life and infrastructure
in Gilgit-Baltistan, Azad Kashmir and Khyber Pakhtunkhwa regions of Pakistan; they not only
transform the landform through slope denudation [Gilchrist et al., 1994] also affect the
communities either through stream blockage and/or excessive sedimentation [Hewitt, 2006;
Korup, 2004, 2005; Roering et al., 2005].

The areas affected by mass movement induced by 2022 catastrophic rains in Gilgit-
Baltistan province were visited on the basis of information gathered from local administration.
Almost all the cases were reported along the Karakoram Highway (KKH), Nagar District
(Nagar and Bar valleys), Ghizer Valley, Ishkomen Valley and Yasin Valley; so, these areas
were covered through brief field visits at each site to gather first-hand information of the events.
All these areas are drained by Ghizer and Hunza rivers (Gilgit River is another name for the
Ghizer River). Fig. 1 presents the location plan of the above-mentioned areas in the context of
Pakistan’s country map.

Gilgit-Baltistan’s elevation ranges from 918-8392 meters above sea level (Fig. 1b). The
climate greatly impacted by its mighty mountain ranges; the eastern portion comprising western
Himalayas is relatively moist but northern and north-western parts comprising Karakoram and
Hindukush ranges are out of the reach of monsoon rains, and present a dry climate [Ashraf et
al., 2014]. The Himalayan regions may be classified as semi-arid while the northern and north-
western drier regions represent an arid climate. Based on the 1930-2019 data, the mean annual
rainfall in Gilgit-Baltistan has been calculated 208 mm with April as the wettest month with 35
mm while the driest month is November that experiences only 5mm of average rainfall;
similarly, the hottest month is July with 27.2 °C average temperature while January being the
coldest month has an average monthly temperature of 1.8 °C [Khan et al., 2020]. Again, the
mountainous terrain offers much variation in precipitation level over a short geographic
distance. The total ice reserves in Pakistan contributed by Karakoram, Hindukush and
Himalayan ranges are 87%, 10% and 3% respectively [Ashraf et al., 2014].
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Fig. 1. Location map of the study area (a) map of Pakistan with Gilgit-Baltistan province as shaded
area (b) location of KKH, Nagar, Bar, Ghizer, Ishkoman and Yasin valleys in Gilgit-Baltistan (c) location
map of the sites visited during the current study

Problem statement

Climate change is a reality and a huge majority of climate scientists (97%) believe in
human induced climate change [AAAS, 2014] while another study shows the percentage of earth
scientists having consensus on the issue ranges from 91% to 100% [Myers et al., 2021].
Globally, the surface temperature has risen by 1.1°C during 2011-2020 than that during 1850—
1900 with notable rises over land as compared to over ocean [IPCC, 2023]. The Paris agreement
emphasizes that increase in global average temperature should be curtailed below 2°C while
continuous efforts should be made to limit this increase to 1.5°C [Delbeke & Vis, 2019]. Studies
suggest that the world needs to drop the emissions at a rate of 2.7% annually (2020-2030) to
meet the target of 2°C and 7.6% annually for a 1.5°C goal [UNEP, 2019]. Recently, a research
organization presented very alarming results of their findings that the year 2023 being the
warmest on the planet earth since 1850 have crossed the 1.5°C threshold as 2023 was 1.54°C
(= 0.06°C) warmer than the pre-industrial levels, commonly referred as the years between
1850-1900 [Berkeley Earth, 2024].
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Fig. 2. Data presents the year 2023 as the warmest year since pre-industrial levels, crossing the much-
debated threshold of 1.5°C [Berkeley Earth, 2024]
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Indus river basin partially shared by four countries (Pakistan, India, China and
Afghanistan) falls mostly (about 52%) in Pakistan; mountainous terrain of Himalayas,
Karakoram and Hindukush constitute the upper Indus basin while the southern plains form the
lower Indus basin; projected values suggest an increase in temperature and precipitation in the
Indus River basin [Rajbhandari et al., 2015]. The same study predicts that rainy days will
increase in number in the upper basin while an increase in rainfall intensity associated with a
decrease in the number of rainy days in the areas lying between the upper and lower basins.
Although there are reservations about precipitation projections but most climate models suggest
an increase in monsoon rainfall in Pakistan [UNDP, 2017]. Estimated increase in temperature
is much higher in Pakistan that the projected global values [Climate Risk Country Profile:
Pakistan, 2021]. In Pakistan 2022 Monsoon rains were exceptionally high, and experts saw it
as a glimpse of what lies ahead in the scenario of changing climatic patterns. The rainy season
prevailed during July-September with somewhat continuous precipitation in July and August;
the Monsoon rains in 2022 were 175% above average rainfall in the country [PMD, 2022]; the
total damage due to resultant flood have been estimated at USD 14.9 billion with a total loss of
USD 15.2 billion [Ministry of Planning Development & Special Initiatives, 2022].

o Pakistan Monsoon Rainfall 2022

l @ Ormal —?022 2021 I
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Fig. 3. Comparative rainfall during 2021 and 2022 versus the normal rainfall [PMD, 2022]

Now the anthropogenically induced change in climatic patterns is like a slow poison to
the planet earth; a devastation comparable to any other in the earth’s history; the situation may
be compared with hydrogen bomb which may explode if current emission scenario is not dealt
with [Pierrehumbert, 2006].

The climate change is going to affect the factors that impact our planet and life onite.g.,
ecosystem, natural disasters, food and water availability, economy etc. Although it is difficult
to build a relationship between landslides and climate as both operate on different scales
(temporal and geographical) but an increase in rainfall frequency and intensity will trigger more
landslides at least the shallow, rapid landslides (more deadly as giving less time to escape)
including rockfall, debris flows, soil slips, small rock slides [Gariano & Guzzetti, 2016; Jakob,
2021; Nyaupane & Chhetri, 2009; Palmer, 2020; Petley, 2012]. Field visit in 2022 presented a
very terrible picture of mass movement issues related to the abnormally high disastrous rains

(Fig. 4).
Methodology
After collecting the available information through reconnaissance fieldwork, the data

was analyzed; individual events were identified and organized (as far as possible) on the basis
of mass movement type, disastrous impact, past history, and future potential. Being the far
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dominant mass movement type, debris flow was particular area of interest. Based on the
available information, a weighing/ranking criterion for individual event was devised based on
two parameters: (i) frequency of the event (ii) extent of destruction and volume of debris (2022
and prior known events). Each of the two parameters were further categorized into three classes:
low, medium and high. For example, an event with less known frequency was placed in ‘low’
category of frequency and those with the highest frequency were placed in the ‘high’ category.
Similarly, three classes were used for the second parameter. Each class was assigned a
particular numeric value. The numeric values of 4, 7 and 10 were reserved for low, medium
and high respectively. Then the weights were added for each event and the event was assigned
a specific color based on the level of activity. Green, yellow and red colors represented low,
medium and high levels of activity.

Fig. 4. A few glimpses of the destruction caused by 2022 rains

The ruggedness for individual catchments was calculated in the simplest way [Melton,
1965] by using the following ratio:

H
R = \/_K’
where R is the ruggedness commonly termed as the Melton Ratio, H is the vertical relief of the
catchment, A is the catchment area. Terrain Analysis toolbox (Channels and Hydrology) of the
SAGA (System for Automated Geoscientific Analyses) was applied on Digital Elevation Model
(DEM) to derive stream network, catchment, area and relief in order to calculate the Melton
Ratio of individual catchments. After calculating Melton Ratio for every watershed, the mean
values of Melton Ratio were calculated for the catchments falling in low, medium and high
categories mentioned above.

Data

Stream information and basin ruggedness (Melton Ratio) form the basis of current study.
Stream data was collected through fieldwork in the study area while temporal data from Google
Earth was also used to identify some past debris flow events. 15 tiles of ALOS PALSAR were
downloaded as elevation data for the calculation of Melton Ratio. For the generation of DEM
for the whole Gilgit-Baltistan (Fig. 1b 28 tiles of SRTM were downloaded. Table 1 presents
the details of the datasets used for the current studies.
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Table 2. Data used in the current study

Data category Name Description Source

Event - Occurrence time, causative factors, extent, Field data

Information damage caused, prior history collection
including
community
interviews
Google Earth

Digital ALOS High resolution terrain corrected, 12.5 m Japan Aerospace

Elevation Model | PALSAR | resolution. Shuttle Radar Topography Mission Exploration
(SRTM) or National Elevation Dataset (NED) Agency (JAXA)
resampled DEM used for Radiometrically
Terrain Correction (RTC) processing

Digital SRTM SRTM (Shuttle Radar Topography Mission) 1 USGS
Elevation Model Arc-Second Global, version 3, 30m resolution. EarthExplorer
Analysis

10 events were recorded along KKH, 5 in Nagar District, 19 in Ghizer Valley, 10 in
Ishkoman Valley and 16 in Yasin Valley (Table 2). Out of the 60 events in total, 52
corresponded to debris flow 6 to rock fall and 1 each to rockslide and land creep. Debris flow
cover about 87% of the events, rock fall accounts for 10% while rockslide and land creep for
1% each (Fig. 5). Moreover, debris flow phenomenon was responsible for all the mass
movement related casualties (17 casualties) in the visited areas.

Table 3. Area wise summary of mass movement types observed in the visited areas

Area (1st row) Nagar Ghizer | Ishkoman Yasin

Mass movement type (1st column) KKH | District | Valley | Valley Valley | Total
Debris Flow 8 5 15 8 16 52
Rockfall 1 — 3 2 - 6
Rock slide 1 — - - - 1
Land creep - — 1 - — 1
Total 10 5 19 10 16 60

As per ranking scheme mentioned in the methodology section, each and every debris
flow event was classified in one of the three classes: low, medium and high represented by
green, yellow and red colors respectively. As the study was focused on the disastrous events so
the Table 3 is greatly dominated by red color while the green color is very rare. Out of 52 debris
flow events 43 have been categorized as high hazard (red), 7 as medium hazard (yellow) and 2
as low hazard (green).

1.50% 1.50%

= Debris Flow = Rock fall Rock slide Land creep

Fig. 5. Pie chart showing percentage of each mass movement type
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Table 4. Categorization of individual debris flow events on the basis of parameters

435

Area Locality Type Extent of o Loss
destruction - S of
or debris ) = human
transported | S E lives =
(2022and | & g in 3
before) = o 2022 -

KKH Parri Debris 10 7 17 -

flow

Nomal Rockfall - - - -

Goru Debris 10 7 17 -
flow

Jaglot Tunnel Debris 7 10 17 -
flow

Pissan village Debris - - - -
flow

Murtazabad Pyen Debris 4 7 11 -
flow

Attabad Tunnel-1 Rock — - - —
slide

Shishkat Debris 10 7 17 -
flow

Khyber_2 Debris 7 7 14 -
flow

Sost Debris 10 7 17 —
flow

Nagar Hoper Debris 10 7 17 —

District flow

Barbais Debris 10 10 20 -
flow

Bardas Nala Debris 10 10 20 -
flow

Barkot Nala Debris 10 10 20 -
flow

Dupas Nala Debris 10 7 17 -
flow

Ghizer | Henzal Debris 4 7 11 -

Valley flow

Shergilla | Sherqgilla | Debris 7 10 17 -
Nala Bichar | flow 10 7 17 7
Bubur Debris 10 4 14 10
flow
Gahkuch Debris 4 7 11 -
flow
Hoper Nala Debris 10 10 20 -
flow
Sumal Gah Debris 7 7 14 -
flow
Saro Gah Debris 7 7 14 -
flow
Raushan Gah Debris 10 10 20 -
flow
Gawote Gawote- | Debris 7 7 14 -
1 flow
Gawote- | Debris 10 10 20 -
2 flow
Gupis Debris 10 10 20 -
flow
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Area Locality Type Extent of o Loss
destruction - S of
or debris ) £ human
transported | S E lives =
(2022and | & g in 3
before) = o 2022 -

Khalti Debris 10 10 20 -
flow

Phander Rockfall - - - -

Teru Bahach Debris 4 7 11 -
flow

Teru Bahach Rockfall - - - -

Hilthi Nalah Debris 7 10 17 -
flow

Barsat Rockfall - - - -
(also a
snow
avalanche
site)

Langar Nalah Debris 10 7 17 —
flow

Ishkom | Hurakish Rockfall - - - -

an Daeen Land — - - -

Valley creep

Asumber Nalah Debris 7 4 11 —
flow
Ishkamitar Debris 10 7 17 -
flow
Ishko- Isk-DF1 | Debris 7 10 17 -
men flow
Debris Isk-DF2 | Debris 7 10 17 -
Flow flow
Zone Isk-DF3 | Debris 7 10 17 -
flow
Immit Immit Rockfall - - - -
Mass Rockfall
Wasting | Zone
Zone Immit-1 | Debris 10 7 17 -
fall
Immit-2 | Debris 10 7 17 -
fall
Immit Debris 10 10 20 -
Halbar fall
Gol
Yasin Haltar Nalah Debris 10 10 20 -
Valley flow
Damalgan Nalah Debris 10 7 17 —
flow
Gindai Nalah Debris 7 4 11 —
flow
Noah Nalah Debris 10 10 20 -
flow
Taus Chashma Debris 10 7 17 -
flow
Asumber | Asumber | Debris 10 7 17 -
Nala Main flow
Miner- Debris 10 7 17 -
berg flow
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Area Locality Type Extent of o Loss
destruction - S of
or debris ) £ human
transported | S E lives =
(2022and | & g in 2
before) = o 2022 -
Brum- Debris 10 7 17 -
berg flow
Shyote Nalah Debris 10 10 20 -
flow
Gunu Nalah Flash 4 4 8 -
flood,
debris
flow
Daspar Nalah Flash 4 4 8 -
flood,
debris
flow
Khaimith Flash 7 7 14 -
flood,
debris
flow
Garmish Barkulti Debris 10 10 20 —
flow
Silpi Nalah Debris 7 4 11 -
flow
Tarsat Debris 10 10 20 -
flow
Umalsat Debris 10 10 20 -
flow
Darkot_Nala Debris 10 7 17 -
flow
Dalgiram Debris 10 10 20 -
flow

Average Melton Ratios of the catchments for events categorized in green, yellow and red
categories was calculated as 0.5, 0.78 and 0.97 respectively (Table 4).

Table 5. Comparison of Melton Ration for catchments categorized as green, yellow and red

Area Catchment name Overall Level Melton ratio
rating

Yasin Gunu Nalah 8 0.71

Valley Daspar Nalah 8 0.29

Mean Melton Ratio 0.50

KKH Murtazabad Pyen 11 1.74

Ghizer Gahkuch 11 0.65

Valley

- Teru Bahach 11 0.63

Ishkoman Asumber Nalah 11 0.33

Valley

Yasin Gindai Nalah 11 0.73

Valley Silpi Nalah 11 0.61

Mean Melton Ratio 0.78

KKH Parri 17 0.86
Goru 17 - 0.77
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Area Catchment name Overall Level Melton ratio
rating
Jaglot Tunnel 17 2.08
Shishkat 17 0.59
Khyber-2 14 1.39
Sost 17 0.43
Nagar Hoper Nalah 17 0.86
District Barbais Nalah 20 1.20
Bardas Nalah 20 1.41
Barkot Nalah 20 0.82
Dupas Nalah 17 0.61
Ghizer Sherqilla Shergilla Nalah 17 0.28
Valley Bichar Nalah 17 0.55
Bubur 14 0.61
Hoper 20 0.71
Sumal Gah 14 0.57
Saro Gah 14 0.54
Raushan Gah 20 1.42
Gawote Gawote-1 14 1.60
Gawote-2 20 1.99
Gupis 20 1.09
Khalti 20 0.89
Hilthi Nalah 17 0.49
Langar Nalah 17 0.97
Ishkoman Ishkamitar 17 0.69
Valley Ishkomen Isk-DF1 17 1.75
Debris Flow  ["jsk-DF?2 17 2.26
Zone Isk-DF3 17 159
Immit Mass Immit-1 17 1.41
Wasting Zone  ["jmmit-2 17 1.95
Immit Halbar Gol 20 0.60
Yasin Haltar Nalah 20 0.94
Valley Damalgan Nalah 17 0.57
Noah Nalah 20 1.07
Taus Chashma 17 0.81
Asumber Asumber Main 17 0.28
Nalah Minerberg 17 1.16
Brumberg 17 1.35
Shyote Nalah 20 0.91
Khaimith 14 0.21
Garmish Barkulti 20 0.33
Tarsat 20 0.92
Umalsat 20 0.72
Darkot Nalah 17 0.28
Dalgiram 20 1.07
Mean Melton Ratio 0.97
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Discussion

As the 2022 rains in Pakistan were an extraordinary event and people link it with climate
change so we may expect that the resultant mass movement behavior is likely to prevail in the
coming years that are likely to go through a changing climate. Debris flow is the most dominant
type of mass movement that the northern Pakistan is going to experience in the coming years;
the phenomenon will be followed by certain types of shallow landslides including rock fall, soil
slips, small rock slides (Fig. 4). Our evaluation about expected mass movement types due to
climate change are in line with the findings by other researchers [Gariano & Guzzetti, 2016;
Jakob, 2021]. Although soil slips are not recorded in our data but we think that there were some
soil slips that got unnoticed due to the fact that our attention was diverted only to events that
directly affected the community in some way. Similarly, our recorded event of land creep is an
already existing that was accelerated due to prolonged precipitation.

The authors suggest that there would be more parameters while ranking a
stream/catchment for future debris flow assessment. A detailed analysis of the catchment
including its sediment supply for generating debris flow needs to be carried out for a more
reliable assessment [Bovis & Jakob, 1999; Jakob, 1996, 2021]. The role of tectonics should
also be considered while assessing the sediment supply for a particular catchment; the Hoper
Nalah (Nagar District) debris flow transported huge boulders of breccia suggesting that the
presence of fault line in the catchment might have facilitated the supply of material for a debris
flow (Fig. 6).

Fig. 6. Huge boulders transported by Hoper debris flow in Nagar District (a) and some of the huge size
transported boulders consist of breccia (b)

Based on the currently available information two relative parameters i.e., ‘Extent of
Destruction or debris transported (2022 and before)’ and event ‘frequency’ were devised in this
study for carrying out a preliminary assessment. In the absence of a record of past debris flow
events the actual frequency was difficult to estimate so only a frequency level (low, medium or
high) was estimated through interviews by local communities and Google Earth (temporal
resolution). Both the parameters are relative to the observed events; in future when more
streams and catchments will be included the current rankings may be revised to fit in the system.
As already discussed, the visited areas are only the selected ones based of the level of
destruction and effect on the community. Debris flow in streams that lie in far flung or
uninhabited areas normally go unnoticed. For example, usually the community lives along the
stream bank where there passes some road so the tributaries and their watersheds along the
opposite (uninhabited) bank remain unnoticed. It is quite possible that one of those tributaries
my generate a debris flow of the level that it may block the main stream for a while and in turn
adversely affect the downstream communities on both sides of the stream. Moreover, the
current work was focused on the so called ‘high hazard’ events. The inclusion of a variety of
scenarios (e.g., less disastrous catchment) will increase the authenticity of the research. A more
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detailed study both in terms of parameters and geographical extent is advisable for a more
comprehensive assessment.

Table 4 presents a positive correlation between ‘hazard level” and Melton Ration of the
catchments. But Melton Ratio is not the only parameter that indicates the probability of a debris
flow. The Melton Ration for Shergilla Nalah has been calculated as 0.28 that is far low to be
considered for a debris flow [Bovis & Jakob, 1999; Jackson et al., 1987]. But it is the same
stream that responsible for a debris flow that claimed 7 lives. To identify the sub-basin that
actually generated the debris flow the main basin was divided into five sub-basins i.e., A, B, C,
D and E (Fig. 7); Melton Ratio, R of each sub-basin was calculated separated. R values of A,
B, C, D and E were calculated as 0.34, 0.47, 0.65, 1.05 and 0.55. Initially one would expect that
the sub-basins C or D with the highest values of R would be more suitable candidates but field
work confirmed that the sub-basin E with the R value of 0.55 was the sub-basin that generated
the debris flow. Although a reconnaissance level fieldwork was carried out but at some places
the influence of readily available sediments was observed. For example, the Parri debris flow
blocked about 1 km stretch of KKH by dumping about 12 feet high body of debris on August
21, 2022 at location: 35° 46" 07'N, 74° 34" 32'E; the traffic had to be diverted to an alternate
route after a complete disruption for 4 h. A visit to its upper catchment revealed the availability
of loose material on its slopes (Fig. 8).

73°54.000 740,000 74°6.000° 73°54.000° 74°0,000° 74°6.000°

(a) ,gf’w

36°12.000
4
!
) ] 2
4 X
{
36°12.000°

366,000
36°6.000"
!

Fig. 7. The Shergilla Nalah generated a debris flow that claimed 7 lives. Sherqgilla watershed as a
whole (a) watershed divided into 5 sub-basins (b)

Another important issue is the access to high resolution DEM. Henzal debris flow is
produced by a small catchment in moraine deposits, blocks the road and covers the agricultural
land (Fig. 9). The catchment is identified by red outline whereas the drainage network derived
from ALOS PALSAR is shown in blue color. It is evident that the derived drainage network
does not conform to the small catchment. So, the availability of high-resolution DEM is of
prime importance for a reliable analysis of small basins.

In the recent history 2010 and 2022 were the most disastrous years in Gilgit-Baltistan in
terms of mass movement particularly debris flow hazard. Interviews with the affected
communities apprise that 2010 rains were more intense, less prolonged but 2022 rains were less
intense more prolonged. It suggests that an increased precipitation in both ways (either in
intensity or duration) have capacity to boost the debris flow phenomenon.
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Fig. 8. Karakoram Highway blocked in August 2022 by Parri debris flow (a) and loose material along
the slopes of upper reaches of the catchment, readily available for a debris flow (b)

Fig. 9. Henzal debris flow covered the agricultural land (a) and blocked the road (b) and the small
catchment with red outline (c), drainage network derived from DEM (in blue)

Although climate change and its adverse effects on mass movement hazards is a reality
but sometimes, we blame it more than it actually deserves. Bubur debris flow in Ghizer Valley
claimed 10 lives and destroyed 8 houses. As the catchment doesn’t have a history of debris
flows so one may very comfortably hold climate change accountable for the disaster in 2022.
But anthropogenic activities got sometimes unnoticed in the hue and cry attributed to climate
change (Fig. 10). The current channel width at downstream of the tragic event varies from 4—
5 m; the local community has informed that it was once 10 m wide but now encroachments
have restricted it to the current width. Similarly, the Khalti Nalah in Ghizer Valley was once
13 m wide but now it has been reduced to 5-6 m at places. It is very tricky to draw a clear line
between the impact of climate change and that of anthropogenic activities on debris flow
hazard.

RSN ¢ %

Encroachment

T SR
.

Fig. 10. Actual stream course of Bubur Nala in Ghizer Valley was once 30 ft but now reduced to about
half of its original width (a). Original stream course of Khalti Nalah in Ghizer Valley now reduced to
just 5-6 ft at places (b)
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Conclusions

Climate change is a reality that needs to be addressed on top priority to hand over a better
future to our coming generations. Projections show that the temperature increase in Pakistan
would be more than the global average; rainfall duration is also expected to increase while some
areas will experience an increase in intensity. Experience of 2010 and 2022 events suggest that
increase in rainfall (either in intensity or duration) would trigger more mass movement events.
Although it is not simple to assess the impact of changing climate on mass movement hazards
but it is highly probable that more landslides will be triggered specially the shallow landslides
including debris flows, rock falls, soil slips, small rock slides. Although Melton Ration gives a
good first estimation about the streams capable of generating debris flow but a lot of other
parameters are also important, they need to be addressed as well. A lot of work needs to be
done for a reliable hazard assessment in the country. In fact, the individual catchments need to
be studied in more detail on sub-basin level to identify the problematic sub-basins.
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